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MILD FORMS OF CORONARY THROMBOSIS * 


ROBERT LEVY, MD 


NEW YORK 


In reviewing the history of the knowledge concerning acute coronary 
obstruction, it is remarkable that the first publication that satisfactorily 
correlated symptoms, signs and pathologic data has been overlooked, 
for the most part. In 1884, in the Zeitschrift fir klinische Medizin, 
Leyden ' gave an excellent account of coronary sclerosis and thrombosis, 
in a paper entitled “Ueber die Sclerose der Coronar-.\rterien und dic 
davon abhangigen WKrankheitszustande.” It is to the Russians, Obrast- 
zow and Straschesko,? who published an article in the same journal in 
1910 that credit is usually given for the deseription of the clinical 
features. These authors were able to make a correct antemortem diag 
nosis in two of the three cases reported by them. In Europe, however, 
very little interest was aroused by these publications, and their impor 
tance for clinical medicine was unrecognized. It was in 1912. that 
Herrick, in his classic paper on “Clinical Features of Sudden Obstruc 
tion of the Coronary Arteries,” called the attention of the medical pro 
fession in America to the disease. It is not my purpose at this time 
to trace the development of this knowledge. .\ brief review may be 
found in Levine’s recent monograph. 

In the delineation of any new clinical picture, it is the rule that the 
more severe and typical varieties of the condition are first recognized 
and deseribed. The reasons for this are obvious. .\ number of symp- 
toms and signs are observed, which, when found in association with 
certain functional and anatomic disturbances, are proved to be charac- 
teristically diagnostic. More exact methods of examination often serve 


* Submitted for publication, Aug. 6, 1930. 

*From the Department of Medicine, College of Physicians and Surgeons, 
Columbia University and the Medical Clinic of the Presbyterian Hospital 

*Read by title at a Meeting of the Association of American Physicians, 
Atlantic City, N. J., May 7, 1930, and before the New Haven Medical Society, 
May 21, 1930. 

1. Leyden, E.: Ueber die Sclerose der Coronar-Arterien und die davon 
abhangigen Krankheitszustande, .Ztschr. f. klin. Med. 7:459 and 539, 1884, 

2. Obrastzow, W. P., and Straschesko, N. D.: Zur Kenntnis der Thrombose 
der Koronararterien des Herzens, Ztschr. f. klin. Med. 71:116, 1910 


3. Herrick, J. B.: Clinical Features of Sudden Obstruction of the Coronary 
\rteries, J. A. M. A. 59:2015 (Dec. 7) 1912. 
4. Levine, S. A.: Coronary Thrombosis: Its Various Clinical Features. 
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to define the picture with even greater precision. A specific etiologic 
factor may be found. The course of the disease is followed over a 
period of years, its complications and sequelae are noted, and eventually 
it becomes possible to evolve prognostic criteria, both immediate and 
remote. The atypical and milder forms of the picture at first escape 
recognition. Later, greater familiarity with the possibilities of varia- 
tion from the standard pattern directs attention to cases with less 
striking and more unusual features. 

This clearly has been the course of events in the history of coronary 
thrombosis. It was naturally the fatal cases, in which necropsy observa- 
tions could be checked against clinical manifestations, that first served 
to outline the picture. Patients with the more severe symptoms, even 
though they recovered, next claimed attention. But in his first paper, 
in 1912, Herrick said: “Ina third group may be placed nonfatal cases 
with mild symptoms. Slight anginal attacks without the ordinary 
causes (such as walking), perhaps some of the stitch pains in the pre- 
cordia, may well be due to obstruction of small coronary twigs.” Having 
given much thought to this subject for many years, Herrick, in 1929, 
before the Association of American Physicians, called attention to 
some unsolved problems connected with acute obstruction of the coronary 
arteries.” | quote him again: “How often do mild types of the accident 
occur? There are mild cases, mild as to onset, as to early symptoms 
and late effects. .  .  . That these cases are of greater frequency than 
is generally recognized is almost certain. . . . That these mild cases 


with prompt recovery are really of the nature of coronary thrombosis is 
at times shown by the fact that later the clear cut attack of severer form 
may occur, recognized by patient and doctor as of the same character as 


the earlier mild one, differing chiefly in degree. In what way may these 
cases be recognized more definitely? By what grouping of historical 
data, symptoms, signs and instrumental findings, may we be able to state 
that this accident has occurred?” It is with the hope of supplying at 
least partial answers to querics such as these that the following cases are 
deseribed and discussed. 

In all of the eight cases selected for analysis the patients were seen 
in office or consultation practice, and their records are sufficiently 
detailed so that there can be but little doubt concerning the nature of 
the illness. That such patients are found with relative infrequency in 
the wards of a hospital is not remarkable, since the symptoms are apt 
to be of short duration, the degree of incapacity is often not great and, 
if help is needed, a neighborhood physician is called. At the time of 
the attack, medical advice may not be sought. It seems likely that the 
condition is frequently not recognized. 

Five of the case histories will be given in full. 

5. Herrick, J. B.: Some Unsolved Problems Connected with Acute Obstruc- 
tion of the Coronary Arteries, Am. Heart J. 4:633 (Aug.) 1929, 
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REPORT OF CASES 


Casr 1.—History.—.\ man, aged 41, a journalist, married, complained of pain in 
the left arm and in the jaw, induced by exertion. His father and mother had died 
at the age of 65 of “angina pectoris.” The patient had enjoyed good general 
health. Five years before, he had cholera while in Serbia, and was in a hospital 
for five weeks. Later, he was treated in the American Hospital in Paris for 
ulcers of the intestine, and he had been well since then. He did not drink coffee 
or alcohol, but he had smoked fifty or more cigarets daily until the onset of the 
present illness. 

Symptoms began a month before his visit with sudden pain in the left arm, 
which came on while he was playing bridge. The arm felt as though it had 
heen struck. The pain persisted, and the following day he consulted a physician, 
who told him that he had neuritis. Examination of the teeth, tonsils and sinuses 
revealed no focus of infection, and a Wassermann reaction of the blood was 
negative. Five days later, while the patient was walking on the street, the arm 
hurt so severely that he had to stop; he went to bed. Medication afforded some 
relief, and the following day he was able to be out and about. Since that time, 
paroxysms of pain recurred whenever he walked, and were associated with 
aching in the jaw. There was no pain in the chest, nor had he noted dyspnea 
or palpitation. He was advised to avoid effort, and to take his work more easily 
He clearly associated the discomfort with physical effort. 

Examination —The patient was nervous, pasty-looking and introspective and 
was much concerned about himself. There was no dyspnea or cyanosis. On 
percussion, the heart was found to be slightly enlarged to the left. The rhythm 
was regular; the rate, 88. The sounds were weak; there were no murmurs, and 
no gallop rhythm was heard. The peripheral vessels were barely palpable. The 
blood pressure was 124 systolic and 70 diastolic. On fluoroscopic examination, 
the heart was seen to be distinctly enlarged, to both the right and the left. Its 
pulsations were not vigorous. There was slight diffuse dilatation of the aorta. 
Measurement of the orthodiagram showed a total transverse diameter of 15 cm.. 
with an internal diameter of the chest of 24.4 cm. The electrocardiogram (fig. 1) 
showed regular sinus rhythm, with a ventricular rate of 74. There was mod 
erate left ventricular predominance. The P-R (conduction) time was 
0.19 second. The noteworthy features of the record were inversion of the 
T wave in leads If and ITT, and the presence of a markedly exaggerated QO wave 
in the third lead. The character of the inversion of the T wave, particularly the 
deep V-shaped T wave in lead III, and the prominent Q wave in this lead 
afforded definite signs of myocardial damage. Taken in conjunction with the 
history and the finding of cardiac enlargement, they made possible a diagnosis 
of coronary sclerosis, and gave striking presumptive evidence of thrombotic 
closure of a small branch, with infarction of the myocardium. 


Course.—The patient was first seen two and one-half years ago, and since that 
time had lived in Paris. From his physician, I learned that he continued to 
have some discomfort for a period of months, but has lately been able to carry 
on restricted activties without symptoms. He has been careful to live within the 
limits of his physical capabilities. 

Case 2.—History—A married man, aged 48, a real estate operator, complained 
ot precordial pain radiating to both arms, for the past three or four years. His 
father had died suddenly in bed, at the age of 52. One brother had died at the 
age of 35, of heart disease. The patient had enjoyed exceptionally good health. 
At 39 (eight years previously) he had had pneumonia, followed by empyema. A 


q 
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rib was resected and the pleural cavity was drained; he was il for four months, 
but made a complete recovery. .\ppendectomy had been done twenty years previ- 
ously. Roentgenograms had recently been taken of the teeth, and they were said 
to be free from infection. He smoked a pipe almost constantly—perhaps thirty 
pipetuls each day. He took no coffee or alcohol. Before the onset of cardiac 
pain, he was physically very active, playing tennis, swimming, rowing and run- 
ning, without distress of any kind. 

About four years before his visit, he first noted precordial pain on walking, 
radiating down both arms, but more to the left. Gradually, he observed that 
less and less effort induced the discomfort, and eight months before examination 
he was unable to walk a block without stopping. At that time he had an attack 


Fig. 1 (case 1)—T, type curve with V-shaped T wave in lead III, sug- 
gesting closure of a branch of the right coronary artery. Qs is strikingly 
prominent, 


that was called “acute indigestion,” characterized by intense pain in the epigas- 
trium, but unassociated with nausea or vomiting. He felt as though he would 
suffocate. He was told that his pulse was rapid. He was in bed for three days 
and remained at home for the remainder of the week, because of a sense of 
exhaustion. The blood pressure at the onset of the attack was said to be 160 
systolic; one week later it was found to be 110. Since this attack he had 
improved considerably, and was better than he was before it occurred. He now 
experienced pain on strolling after he had gone about half a mile. Slight hurrying 
made him stop after four or five blocks. Distress was more acute 1f he made an 
effort after eating. The pain was sharp, but disappeared entirely about one-half 
minute after the cessation of effort. There had been no dyspnea. He had taken 
no medicine recently. 
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Examination—On examination, the lips were found to be slightly cyanotx 
The retinal vessels showed moderate sclerosis. On percussion the heart) was 
found to be slightly enlarged to the left. The | { 


rhythm was regular; the rate, 70 


At the apex, the first sound was of normal quality and intensity; t ward the 


sternum, it had a metallic tone and was slightly slurred. There was no accentua 
tion of the aortic second sound. The peripheral vessels were Just palpable. The 
jleod pressure was 122 systolic and 74 diast lic. There was no enlargement ot 
he liver or spleen. The Wassermann reaction of the blood was negative A 


8months 10 months 19 months 


Fig. 2 (case 2).—.1 shows Ty, type curve, denoting closure of a left coronary 
branch, persisting for eight months after the attac k: B, inversion of T wave less 
marked, and C, T wave now upright 1 all leads 


blood count and chemical examination of the hlood showed normal results. On 


fluoroscopic examination, the heart was seen to be a little enlarged, both to the 
right and to the left. The total transverse diameter 
14.6 em.. the internal diameter of the chest being 25.5 em 
The electrocardiogram (fig. 2) showed regular sinus rhythm, 


in the orthodiagram was 


There was no dilata 


tion of the aorta. 
with a ventricular rate of 74. The P-R (conduction) time was 0) 14 second. The 


T wave was inverted in leads I and II, and diphasic in lead IT There was 


j 
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moderate left ventricular preponderance. The noteworthy observations were 
inversion of T; and partial inversion of T.. Such inversion of the T wave 
is often seen in coronary sclerosis, and in this case it was taken to represent 
residual evidence of a small myocardial infarct. 

The patient was advised to take 0.1 Gm. of euphyllin (theophylline ethylene 
diamine) at first four times a day, then three times daily, after meals. He was 
seen at intervals, the last examination having been made one year after his first 
visit. At that time, he stated that he was distinctly better. He had accustomed 
himself to a modified kind of life, which he accepted philosophically. Hurry. 
worry and excitement still caused precordial pain and a sensation of numbness in 
the arms. He took a five months’ holiday during the summer, and during this 
time he rarely had discomfort except when emotionally upset. He had never 
found it necessary to take nitroglycerin. He went in for an occasional dip in 
Long Island Sound during the warm weather, and since his return from his 
vacation had been working hard and steadily. 

The last examination of the heart showed no change in size or signs. There 
was no gallop rhythm. The blood pressure was 136 systolic and 88 diastolic. 
The electrocardiogram taken two months after his first visit (ten months after 
the coronary closure) showed definite changes as compared with the first record. 
The T wave in lead I was less sharply inverted and Tz. was more markedly 
diphasic. The P-R (conduction) time was 0.13 second. The changes were 
slight, but were in the direction of normal. The record taken one year after the 
first visit (one year and eight months after the attack of thrombosis) showed 
regular sinus rhythm, with a ventricular rate of 72. The P-R (conduction time) 
was 0.12 second. The T wave in all leads was now upright. The change was 
again in the direction of normal, and appeared to indicate healing of the small 
area of myocardial infarction. The changes as compared with the original record 
were marked. 

Summary.—An attack of “acute indigestion,” with substernal and epigastric 
pain, occurred in a man of 47, who had had precordial pain on effort for about 
four years. He was in bed for three days and at home for the remainder of 
the week. Following the attack, he improved steadily, although cardiac pain 
could still be induced by effort or excitement. The electrocardiographic changes 
over a period of a year indicated healing of the area of infarction. Cardiac 
enlargement suggested the existence of coronary sclerosis and myocardial fibrosis, 
probably for several years prior to the acute attack. 

Case 3.—History—A merchant, aged 37, married, was seen four days after 
his first attack of cardiac pain. His father and mother had both died of “angina 
pectoris,” at the age of 76. His ancestors on the maternal side were said to be 
subject to heart disease, but died at an advanced age. Except for numerous sore 
throats, for which tonsillectomy had been performed twenty years before, he had 
enjoyed remarkably good health. 

He had always been a large man, at one time weighing 300 pounds (136 Kg.). 
He worked hard, was an active speculator on the Stock Exchange, drank freely, 
smoked heavily and went out considerably at night. 


He had not taken a vacation 
in over a year. 


For a number of years his blood pressure had been in the vicinity 
of 180 systolic and about 100 diastolic. 

While at his office, sitting at his desk, he suddenly had an attack of severe 
substernal pain, radiating to the left arm, which persisted for about six hours. 
There was no nausea or vomiting. He consulted his physician, who immediately 
took him home and put him to bed. His color was said to be ashen. The systolic 
blood pressure had fallen to 140. He was given a hypodermic injection of mor- 
phine and passed a comfortable night. 
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He was seen by me at his home four days after the attack. He felt well, and 
greatly resented being kept in bed. The systolic blood pressure was still 140. 
[There was a faint gallop rhythm at the apex. He remained at home for one 
week and then returned to his business, going to the office for a part of each day. 
He used less tobacco and alcohol. 

Examination.—He came to my consulting room two weeks after the onset of 
the illness. He weighed 224 pounds (101.6 Kg.), which was 50 pounds (22.7 
Kg.) over his calculated weight. He was pasty in color. There was no dyspnea 


e@weeks lyear 


Fig. 3 (case 3).-—.1 shows that in addition to the sharp inversion of T, and 
T., there is a slight widening of QRS, which measures 0.11 second. Qs is 
prominent. The ST interval is elevated in leads Il and III. B shows T, a little 
deeper. C, QRS is now within normal limits; the ST interval in leads Il and ITI 
is no longer elevated. 


or cyanosis. The retinal vessels were normal, and the peripheral arteries were 
barely palpable. The heart was moderately enlarged. No gallop rhythm was 
heard. There were no murmurs. The blood pressure was 148 systolic and 96 
diz tolic. On fluoroscopic examination, the heart was seen to be of good size, 
though only slightly enlarged in relation to the internal diameter of the chest. 
The aorta was not dilated, but was tortuous for a man of his age. The electro- 
cardiogram (fig. 3) showed regular sinus rhythm with incomplete bundle branch 
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block. The ventricular rate was 80. The QRS interval was 0.11 second. There 
was a moderate degree of left ventricular preponderance. The P-R = (conduc- 
tion) time was O14 second. The T wave was sharply inverted and of the 
V type in leads I and fl, and upright in lead If]. These changes afforded 
evidence of myocardial injury, and were suggestive of infarction following coro- 
nary thrombosis. 

Course.—The patient was seen again three months later. He had been going 
to business, and had played golf without any symptoms referable to the heart. 
He had not maintained the dietary restrictions outlined and had not lost any 
weight. He went out less at night, smoked but little and almost entirely stopped 
drinking. He continued te go to night clubs and danced. He had taken no 


medicine. Examination at this time showed the heart sounds to be definitely 


weak. A short systolic blow had appeared at the apex, and the aortic second 
sound had taken on a somewhat ringing quality. The blood pressure was 142 
systohe and 92 diastolic. The size of the heart, as measured on roentgen exam- 
ination, was unchanged. The electrocardiogram showed the T wave in lead | 
to be a little deeper and Ts; higher, but the record otherwise resembled the one 
taken three weeks earlier. 

He was next seen nine months later. He had spent the summer in Europe, 
where he took a cure at Marienbad. He played golf, nine holes at first. later 
eighteen holes each day, without discomfort. On two occasions, he became tired 
and short of breath, but not, he thought, following a game of golf. There was 
ne recurrence of cardiac pain. tle had resumed dancing, was working as hard 
as ever and smoked twenty cigarets and two cigars each day. [-xamination 
showed the weight to be 230 pounds (104.3 Kg.). He still looked pasty. The 


size of the heart was unchanged. The rhythm was regular: the rate, 72. The 
first sound at the apex was now slightly split and impure. The general quality 
of the sounds was fairly good. The blood pressure was 154 systolic and 104 
diastolic. The electrocardiogram showed regular sinus rhythm, with a rate of 
72. The left ventricular preponderance was still present. The P.R (conduction) 
time was 0.15 second. The intraventricular conduction time was now within 
normal limits, being 0.09 second. The ST interval in leads If and HT was no 
longer elevated. The T waves still had the pointed V shape in leads I and II. 
The record suggested a healed myocardial infarct, with, however, residual per 
manent injury to the heart muscle. 

Three months later, and almost exactly a year after the first attack, the patient 
again experienced moderate substernal pain, for which he consulted his physician. 
This passed off in the course of a few minutes, and he continued his usual routine. 
Three days later he had a sharp pain rédiating to the left arm, but unaccompanied 
by nausea or vomiting, and persisting for several hours. He came home from 
his office and went to bed, and was given 1. grain (0,032 Gm.) of codeine by his 
wite. | saw him the same evening. This time, his color was distinctly ashen, 
and he was genuinely concerned about himself. The heart rate was 72, the 
rhythm regular. The blood pressure was 174 systolic and 100 diastolic. No 
gallop rhythm was present. He was given a hypodermic injection of morphine, 
and was advised to remain in bed. This he did, although he insisted on getting 
up te go to the bathroom. He continued also to keep actively in touch with his 
broker's office, and became considerably excited because of the changes in the 
stock market. Six days later, he had a recurrence of the substernal pain, which 
radiated to both arms. On this day, the blood pressure was 148 systolic and 85 
diastolic, and slight fever appeared, the temperature persisting in the vicinity of 
trom 100 to 101 F. for six days. The leukocyte count at this time was 15,000, 
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with 76 per cent polymorphonuclears. No friction rub was heard, and there was 
no cardiac arrhythmia. The electrocardiogram showed regular sinus rhythm 
The only change since the record taken a month previously was a slightly shal- 
lower T wave in leads I and II. On this oceasion there was no increase in 
intraventricular conduction. Two weeks after the onset of the second attack, 
the only change on examination was the fall in blood pressure to 132. systoln 
and 80 diastolic. Against his will, the patient was kept in bed for three weeks 
\t the time of writing this article (about three months after the attack), he was 


again at work, but was taking better care of himseli 


Case 4.—History—A man, aged 41, a lawyer, marricd, was brought to me 
for examination by his physician because of an attack of substernal pain that 
had occurred five days before. He had always been an active, intense worker 
For twenty years, he had had recurring sinus infections. He had never been 
acutely ill, nor had there been any cardiac symptoms prior to the onset of the 
present attack. This began suddenly five days before his visit, with excruciating 
substernal pain, radiating to both arms and to both clavicles. Ordinary sedatives, 
such as bromide, were ineffectual, and 34 grain (0.048 Gm.) of morphine was 
necessary to make him comfortable. He was not nauseated, nor did he vomit 
The heart rate was rapid, but there was no disturbance in rhythm. He remained 
in bed until the following day, and by this time the blood pressure, which usually 
was in the vicinity of 140 systolic, had fallen to 60. There was still some sore 
ness across the chest, but no acute pain. The chemical analysis ot the blood and 
urinalysis gave normal results, and the Wassermann reaction of the blood was 
negative. He remained quietly at home for five days. 

E-xvamination.—The patient was large and well built; his color was good, and 
he was able to he flat without discomfort. The size of the heart was normal 
Che rhythm was regular; the rate, 68. The sounds were of fairly good quality, 
having perhaps a slightly valvular quality at the apex, where there was a short, 
blowing, systolic murmur. No gallop rhythm was heard, and there was no 
accentuation of either second sound at the base. The peripheral vessels were just 
palpable. The blood pressure was 110 systolic and 66 diastolic. The liver was 
not enlarged, and there was no edema. On fluoroscopic examination, the heart 
was seen to be of the vertical type. It was normal in size and shape, and there 
was no dilatation of the aorta. The electrocardiogram (tig. 4) showed regular 
sinus rhythm, with a ventricular rate of O68. The P-R (conduction) time was 
0.16 second. The T wave was slightly inverted in lead If and markedly inverted 
and of the V type in lead III. The Q wave in lead III was strikingly prominent. 
\ diagnosis of thrombosis of a coronary artery was made, and in view of the 
rapid recovery, the inference was drawn that a small branch had been oceluded 


Course—Ten days following his visit to me, the patient sailed for Europe, 
where he took three months’ rest from business. In Paris, he was examined by 
Dr. Vaquez and Dr. Bordet, who repeated the examinations and contirmed the 
observations. He never experienced any further pain in the chest. For the first 
two months after the acute illness, he noted some shortness of breath on effort, 
but this gradually disappeared and did not recur. 

The patient was seen again a little more than four years after the first attack 
Light months previously several infected teeth were removed because they were 
protruding into the right antrum. Subsequently, a radical operation was per 
formed on the antrum, and the jaw bone was curetted. This series of infections 
and operations caused a “fluttering” and racing of the heart. He observed a dis- 
tinct relationship between the flaring up of the infection in the antrum and the 
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attacks of palpitation and tachycardia. There was no cardiac pain or dyspnea 
during the sinus attack. He lost considerable weight and felt bad generally. In 
the four vear interval he had worked regularly except during this illness eight 
months ago. He also played golf without discomfort. He was leading a normal 
life and considered himself well. 

Four years after the acute attack, examination showed the size of the heart to 
be unchanged. The rhythm was regular; the rate, 76. The sounds were of fair 


Fig. 4 (case 4).—A shows Ts type curve with prominent Qs: B, Ty. still 
inverted, T. now upright. QQ; remains prominent. 


quality, though not strong, and the aortic second sound was relatively enfeebled. 
The peripheral vessels seemed a little thicker than on the previous examination. 
The blood pressure was 132 systolic and 76 diastolic. Fluoroscopic examination 
gave results that were the same as those obtained at the time of the first visit. 
The electrocardiogram showed regular sinus rhythm, with a ventricular rate of 
76. The P-R (conduction) time was 0.19 second. The T wave was upright in 
leads | and IT and inverted in lead III. There was slight notching of the R 
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waves in leads II and III]. Compared to the record made four years earlier, quite 
marked changes were evident. In lead I the T wave was a little lower, though 
this was not striking. In lead II, the RT interval was slightly concave instead 
of slightly convex, and the T wave was upright instead of inverted. In lead III, 
the Q wave was still present. Ts was still inverted, though less deep, and not 
of the V type. The voltage was distinctly higher in leads II and III. 


Summary.—Clearly this patient had a thrombotic closure of a small coronary 
branch with infarction of the heart muscle. Healing was apparently rapid 
The only symptom during the convalescent period was dyspnea on effort, which 
passed off in the course of two months. There was never a recurrence of pain. 
The myocardium was apparently irritable, since it was stirred up by a succession 
of sinus infections and operations on the head, although this may occur in hearts 
otherwise apparently normal. The electrocardiographic changes indicated healing 
of the infarct with residual scarring. 


Case 5.—A married man, aged 48, a builder, was seen because of substernal 
pain. His father died at the age of 51, of Bright’s disease. One brother died 
at 42, of nephritis with hypertension. The patient had had diphtheria in child 
hood. He was subject to sore throats and had recurrent sinus infections, for 
which continued treatment, with occasional puncture of the antrum, was carried 
out. He smoked eight cigars a day and took alcohol only occasionally. He 
worked at high tension, and his hours at the office were long. 

While playing golf and walking off a tee, he had a sudden sense of substernal 
pain, as though a lump were there. This sensation lasted about fifteen minutes, 
but was not really troublesome, and he finished his game. During the following 
four days he was well. Then, after lunch, he had a similar, though more severe, 
pain, and felt as though he were strangling. The pain radiated down beth arms 
to the fingers. He was weak and would have fallen had he not been caught by 
a friend. He was placed on a couch, and was quite uncomfortable for about 
half an hour. He vomited once. He went home and to bed, where he remained 
tor two days with slight fever. The pain over the upper part of the precordium 
and in the left shoulder persisted for several days, though with diminished inten- 
sity. He did not return to work, and came in for examination ten days after the 
episode that occurred on the golf links, complaining of pain in the substernal 
region on moving about and weakness. Dyspnea and palpitation were absent 
throughout. 


E-xamination—The temperature was 99.8 F., by mouth. The size of the heart 
was normal. The rhythm was regular; the rate, 92. There was a faint pre- 
systolic gallop rhythm at the apex. There was no thickening of the peripheral 
vessels. The blood pressure was 126 systolic and 80 diastolic. On fluoroscopic 
examination, the absence of cardiac enlargement was confirmed, and no dilatation 
of the aorta was made out. The Wassermann reaction of the blood was negative 
\ diagnosis of coronary thrombosis was made, and the patient was advised to 
go home and remain at rest. Against advice, he returned to work two weeks after 
the onset of the illness. He gave up smoking, and never took it up again 


Course—The patient was seen at frequent intervals during the next four and 
one-half years. He resumed golf two months after his first visit to me. He was 
unwilling to believe that he had had a serious heart attack, and plunged actively 
into the work of his business. After an interval of six months, a gallop rhythm 
was still heard. At times, he had a slight twinge in the region of the precordium 
or a tight sensation across the chest, but he continued to play thirty-six holes 
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of golf without discomfort. Substernal oppression was noted, particularly after 
meals or when excited. Infection in the antrums persisted, and local treatments 
were carried on. He continued his normal life, hard work and week-ends of 
golf, in spite of repeated warnings that it would be wise to take matters more 
easily, 

hour and one-half years after his first cardiac symptom, while walking to the 
railroad station, the patient had a sudden, sharp, substernal pain, radiating to the 
left arm. He hailed a taxicab, returned to his home and went to bed. There 


Was no nausea or vomiting. The pain persisted, and he called in a physician, 
who gave him a hypodermic injection of morphine. [ saw him about three hours 
later. He was fairly comfortable, not cyanotic and mentally clear. The heart 
rate was 100, the rhythm regular. There was no gallop er pericardial friction. 


The blood pressure was 140) systolic and 100° diastolic. The temperature, by 
mouth, was 99.2 TF. He was given another '4 grain (0.016 Gm.) of morphine, 
and was taken to the hospital in an ambulance. 

On admission, the leukocyte count was 20,000, with 90 per cent polymorpho- 
nuclears. The urine contained a trace of albumin. On the following day, the 
temperature rose to 102 EF. and remained at this level, with slight variations. 
friction rub was heard close to the sternum in the third left space, and a gallop 
rhythm appeared and persisted. The heart rate remained elevated, being from 
110 to 120 per minute. There was slight cyanosis of the lips. The patient was 
cheerful, mentally clear and relaxed. At times he complained of substernal pain, 
but this was readily controlled by sedatives. Fever and tachycardia, however, 
continued, and on the fifth day atter admission to the hospital, at midnight, he 
suddenly complained of an unusually sharp substernal pain, and within a minute 
gave a gasp and was dead. Necropsy was not permitted, but the manner of 
death suggested rupture of the left ventricle. 

The electrocardiograms of this paticnt are of particular interest, because they 
give a running record of events (fig. 5). The first record, made ten days after 
the initial attack, showed slight elevation of the RT interval in leads I and IT, 
and flattening of Ts. Two months after onset, T; was inverted and followed a 
convex RT interval. The convexity of RT in lead Il was a little less marked, 
and T, had become definitely upright. After six months, Ti was again upright, 
and the RT interval in lead LT was no longer convex. Ty and Ts were likewise 
upright, and the curve was essentially normal. During the following three years, 
there was no noteworthy change in the form of the curves. The last record was 
taken on the second day of the terminal attack. It shows strikingly the depres- 
sion of the RT interval in lead [I and the high origin of other portions of the 
curve connecting R and T in leads [Ll and IE. A> prominent Q wave is also 
visible in the third lead. The record is quite characteristic of infarction of a 
considerable area of the myocardium. 

Swmmary.—A man, aged 48, previously in excellent health, had a mild attack 
oft coronary thrombosis, which contined him to his home for three days, and 
enabled him to return to work at the end of two weeks.  Electrocardiographic 
changes confirmed the nature of the attack. He made a rapid recovery, and for a 
period of four and one-half years led a normal, active life, and played golf. 
During these years, he had occasional twinges of substernal pain, but not severe 
discomfort. The electrocardiograms gave no evidence of progressive myocardial 
disturbance. The terminal attack was more severe in onset, and death occurred 
suddenly on the fifth day, in all probability due to rupture of the left ventricle. 
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Analytic Summary of Eight 


Awe: 37, 37, 41, 41, 45, 48, 48, 48 (average 
years) 


Sex: 
Male 


Female 


Family History: 
“Angina pectoris” 
Sudden eardiae death.. 


Hypertension and nephritis.. 


Previous Cardiae History: 
Pain on effort 
Hypertension 
Heart murmur (following streptococ 


cus sore throat) 


History of Infeetions: 
Cholera (5 years before) 
Recurring sinus infections (1 for 20 
years, 1 for “‘many years"’) 
Streptococcus sore throat followed 
by heart murmur 25 years before; 
renal infeetion with two operations 
vears before..... 
Pneumonia and empyema (8 years 
before) 
Rheumatie fever S37 years before; no 
cardiac involvement 
Colitis 


Syphilis 
Excessive use of tobaeco 
Obesity (associated with hypertension) 


Symptoms of the Attack: 

Substernal pain 

Epigastrie pain, called “acute indi 
gestion” 

Pain in left arm and jaws... 

Dyspnea (with pain).. 

Preeordial oppression, without pain, 
but with nausea 


Rate of Recovery (measured by patient's 
desire and ability to resume his 
usual aetivities): 

12 hours 
(me never bedridden; one went to 
physician's offiee following morn 
ng 


INTERNAL MEDICINE 


Cases of Mild Coronary Thrombosis 


Rate of Recovery Continued 


(Same patient in two attacks: 
after first attack, took 2 hour 
train trip to New York) 


little weak” at this time) 


3 days ... 1 
(Sailed for Europe on fifteenth 

day) 
4 days, 10 days........ ees 1 


(Same patient in two attacks) 


Pres- Ab Not 


Signs: ent sent Known 
Cardiac enlargement 5 3 0 
Cardiae irregularity 1 7 0 
Fall in blood pressure 5 0 
Fever ..... 4 0 


Eleetrocardiographie Changes: 
Present. 6 
Character of Changes: 
Ti type (left coronary involve 


ment) 
Ts type (right coronary involve 
Incomplete bundle braneh block... 
Prominent Qs ....... 4 
Flevation of RT only... 1 


Subsequent Course: 


Living .... 7 
years l 


Degree of Restoration of Function after 
Attack: 
No symptoms, full activity 
No symptoms, restricted activity 
Symptoms present 
(Pain, 2; dyspnea, 1) 


Subsequent Attacks .. 

1 after 444 years (fatal) 

1 after 1 year 

1 after 3 months, and again 6 months 
{ (The two youngest patients, each 37 
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ANALYSIS OF CASES 


As a rule, it 1s inadvisable and unprofitable to attempt generaliza 
tion on the basis of a limited number of observations. Yet certain 
distinguishing features have been sufficiently striking in the records 
of these eight patients to warrant calling attention to them as aids 
in defining a distinct clinical group. An analytic summary is given 
in the accompanying table. 

All of these patients were under 50 vears of age, two being in the 
thirty-seventh vear. There were seven men and one woman. Five 
gave a family history of heart disease terminating in sudden death. In 
five cases, a history of cardiac signs or symptoms preceded the onset 
of acute coronary obstruction, pain on effort in two, hypertension in 
two and a heart murmur following a streptococcus infection in one. 

In reviewing the histories, the frequency of previous infection com 
mands attention. Cholera, recurring sinusitis, streptococcus sore throat, 
renal infections with operation, pneumonia and empyema, rheumatic 
fever and colitis were among the former illnesses noted. The relation 
ship of previous infection to vascular degeneration and thrombosis 1s 
unproved; the facts are here recorded without an attempt at explana 
tion. It should be added that in none of the patients was syphilis 
present, according to the history, clinical examination or serologic test 

Six of the eight patients used tobacco to excess. The seven men 
were all engaged in activities calling for driving force and worked under 
pressure; the woman, aged 37, was high-strung, the mother of three 
children, and an expert horsewoman, and was engaged in directing an 
amateur theatrical enterprise. 

The symptoms of the attack were varied, but no more so than in 
the more severe types of acute coronary obstruction. .\s) Libman' 
has stressed, the sensitiveness of the individual to painful stimuli deter- 
mines, in a measure, the intensity of suffering. Substernal pain was 
the most common complaint, having been deseribed by five patients 
Vomiting accompanied the attack only three times. In case 1, sudden 
sharp pain in the left arm was the symptom of onset. 

Cardiac enlargement was present at the time of the attack in five 
cases, affording evidence of preexisting cardiac disease. Irregularit, 
of the heart’s action, in the form of isolated premature beats, was 
observed but once, in contradistinection to the relatively greater fre 
queney with which arrhythmias are encountered in the severer forms of 
coronary occlusion. A fall in blood pressure was noted, however, in all 
the cases in which determinations were made during and immediatelh 


6. Libman, E.: Observations on Sensitiveness to Pain, Tr. A. Am. Physi 
cians 41:305, 1926. 
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following the attack. Fever likewise was present, when looked tor, 
although it was not high; in one instance the rectal temperature rose only 
to 100 KF, for twenty-four hours on the day following the onset. In 
two of the three cases in which blood counts were made, slight leuko- 
cytosis (12,000 and 15,000 per cubic millimeter) was found. In a 
third patient, the leukocytes numbered 9,500, of which 86 per cent were 
polymorphonuclears. 

Changes in the form of the electrocardiogram were recorded in six 
of the eight cases. .\s shown in the curves, inversion of the T wave 
was of the T, type.’ indicating left coronary involvement in three 
instances, and of the T, type, pointing to right coronary involvement in 
two cases. Incomplete bundle branch block, denoting more severe 
cardiac damage and suggesting a larger area of myocardial infarction, 
was present only once. Prominence of the © wave in lead III, tirst 
deseribed in coronary occlusion by Wilson,® and mentioned also by 
Parkinson,’ Levine * and Pardee '° as of diagnostic importance, occurred 
four times. In my experience, this change is seen more frequently in 
coronary disease than in any other condition, although it must not be 
considered as etiologically specific. Elevation of the RT interval of 
slight degree, as the only change present, was seen once. 

Of particular significance in characterizing this group of patients 
was the extraordinarily rapid rate of recovery, as measured by the 
patient's desire and ability to resume his customary activities, as well 
as by objective improvement. [Even though prostrated by the severity 
of the symptoms of onset, several of these persons were never truly 
bedridden, and as can be seen from the accompanying table, considered 
themselves well in from twelve hours to ten days. In several instances, 
rest in bed was entoreed with difficulty ; occasionally, in spite of warn- 
ing, threatening and pleading on the part of the physician, the patient 
left his bed and home, to return to work within a few days. Such 
abrupt termination of convalescence apparently did not result in 
immediate disaster. In several of the case reports given by Levine 4 
similar rapid rates of recovery are recorded. 

7. Parkinson, J., and Bedford, D. E.: Successive Changes in the Electro- 
cardiogram After Cardiac Infarction (Coronary Thrombosis), Heart 14:195 
(Aug.) 1928. 

8. Barnes, A. R., and Whitten, M. B.: Study of T-Wave Negativity in 
Predominant Ventricular Strain, Am. Heart J. 5:14 (Oct.) 1920. Bell, A., and 
Pardee, H. FE. B.: Coronary Thrombosis: Report of Two Cases with Electro- 
cardiographic Localization of the Thrombus in the Right or Left Coronary 
Arteries, J. A. M. A. 94:1555 (May 17) 1930. 

9, Wilson, W. T.: Cardiac Clinic, with Electrocardiographic Demonstra- 
tions, Ann. Clin. Med. 5:238 (Sept.) 1926. 

10. Pardee, H. E. B.: The Significance of an Electrocardiogram with a Large 
Q wave in Lead 3, Arch. Int. Med. 46:470 (Sept.) 1930, 
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To date, one of the eight members of this group has died of a second, 
rapidly tatal attack. One patient had a second occlusion one year after 
the first; another (the woman) has had two later attacks, one after 
three months, the second after six months. She has made a good 
recovery each time. 

Restoration of function has been complete in two cases. Two of 
the patients are free from symptoms on restricted activity. Three 
have symptoms even with carefully regulated lives —two still complain 
of pain in the heart and one of dyspnea on effort. 


COMMENT 

It is tempting to speculate as to the reasons for the mild course of 
these attacks, but in the absence of necropsy data this is hazardous 
Is one dealing with thrombotic closure of small twigs? In comparatively 
youthful persons, is the unaffected coronary circulation adequate to 
carry on more efficiently and to adapt itself more quickly than in older 
persons? Is the rate of healing of the infarct more rapid? Certainly 
the two conspicuous features of these cases are the relative youth of 
the patients and the surprising speed of clinical recovery. Again, what 
role do inheritance, infections, excessive use of tobacco and rate of liv ing 
play in selecting the victim? There are indeed still many unsolved 
problems. 

Recognition of these cases is of more than academic interest. It is 
important that a heart the circulation of which has suddenly become 
partly obstructed should receive a sufficiently long period of rest to 
allow healing of the infaret. In my opinion, a minimum of four weeks 
in bed is, as a rule, desirable, no matter how mild the character of the 
attack. Some of the patients here reported, however, apparently have 
made good recoveries with much shorter periods of rest. Only time will 
determine the firmness of the myocardial scars. Whether certain of 
these persons who suffer from an attack in the third or fourth decade 
of life may recover sufficiently to live out their expected span of vears 
without subsequent cardiac disability must be ascertained by following 
a considerable number of cases for a long time. In this group of 
eight patients, as has been indicated, one is dead after four and one-half 
years, and two have had second attacks within a vear. Until more is 
known concerning the factors that predispose to this condition, accurate 
prognosis, both as to liability to recurrence and life expectaney, must 
remain extremely difficult. 

SUMMARY 
1. .\ group of eight cases is reported as exemplifying mild forms 


of core mary thrombosis. 
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2. The records of these patients appear to define a distinct clinical 
group, characterized chiefly by: (1) the relative youth of the patients 
(all being under 50 years of age), and (2) the rapid rate of recovery, 
both subjective and objective. 

3. A critical analysis is made of the various features, and some of 
these are discussed. Because the clinical picture is at times atypical, 
it is believed that this condition frequently is not recognized. 

4. Although a rapid rate of recovery tends to indicate a favorable 
outcome of the immediate attack, accurate prognosis as to the lability 
to recurrence and life expectancy is extremely difficult. 
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THE STRUCTURE OF THE NORMAL LUNG 


A SURFACE STEREOMICROSCOPI( STUDY 


MINAS JOANNIDES, M.D 


CHICAGO 


When the normal lung is studied by means of surtace stereonnere 
scopy * it represents quite a different structural picture than that seer 
in the ordinary paraffin section of the lung. The ordinary section, which 
at best is a portion of a millimeter in thickness, shows only a flat view 
of the lung. The reconstruction study of the lung, in which a careful and 
painstaking effort is made to fill in the gaps between certain distances. 
leaves to the imagination the explanation of many facts. The method 
described in this study supplies not only a surface view, but also a third 
dimensional view, so that one may see a magnified stereoscopic view 
extending at least 1 em. in depth. Thus one is enabled to see a mag 
nified picture of the lung without distortion. 


THE PLEURAL SURFACE 

The pleural surface presents a good view of the lung, pat 
ticularly for the study of the organ in the living animal. The surface 
under normal conditions is thin and transparent, so that one may observe 
definite changes in the alveoli and the capillaries. The pleural surface 
of the lung resembles a honeycomb or the surface of a corncob. It ts 
made up of circular or polygonal subdivisions, each of which send- 
branches along the wall of the alveolus, and these meet the larges 
capillary on the opposite side. Thus in the living frog, turtle or alli 
gator one can notice the blood flowing in one direction; when the flow 
of blood is rapid, it appears much like the wavy motion produced by 
the wind on a wheat field. When, however, the circulation slows. one 
can see the blood flowing in one direction and collecting in the larger 
capillary on the opposite side. 

In certain areas on the pleural surface of the lung, the oblique or 
longitudinal sections of terminal bronchioles can be seen immediately 
underneath the visceral pleura. Such a terminal bronchiole ends in a 
larger saccule, which varies in size according to the size of the bronchiole 


* Submitted for publication, July 21, 1930. 

*From the Department of Surgery, College of Medicine, University of 
Illinois, Chicago, and Pathologische-Abteilung Reichsgesundheitsamt, Berlin, Prof 
Max Busch, Director. 
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terminating at such a point. These arrangements of saccules are the 
sites of various pathologic conditions, such as formation of pleural 
bullae resulting from increased intrapulmonic pressure. These bullae 
may rupture and produce an acute pneumothorax. Such an area is also 
the site of the bronchogenic extension of pulmonary pathology (pneu- 
monia and tuberculosis, for example) to the pleural surface and second- 
arily to the pleural cavity. 

The under surface of the pleura presents quite a different picture 
when the lung is cut in a way to allow a thin layer of lung tissue to 
remain attached to the pleura. The lung under such conditions is 
much like that of a frog, which is a single sac, the inner surface of 
which contains a series of septums so arranged as to resemble, more 
or less, a honeycomb. On examination of this surface of the lung, the 
walls of the alveoli are seen to project from the under surface of the 
pleura. These walls project into the structure of the lung in such a 
way as to form polygonal sacculations of varving sizes. The openings 
of these saccules are somewhat narrower than the remainder of the 
saccule, and present a slightly thicker tissue im addition to the vessel. 
In the living alligator such openings have been observed to contract 
in such a way that they practically close the stonm. 

The examination of a section of a lung representing the deeper 
structure shows a motley of facets that can be explained only after a 
careful, painstaking study not only of the bronchial tree and the vessels, 
but also of the alveoli. In such a seetion one 1s likely to see larger bron- 
chioles or vessels cut transversely, obliquely or longitudinally. Sections 
of the alveoli at various levels, and of the terminal bronchioles at 
various angles may also be seen. In order to reconstruct the actual 
structure of the lung one must study its various parts, and thus event- 
ually one may make up a complete whole which will not be subject to 
error, 

COMPARISON OF THE LUNG TO A SPONGE AND A TREE 

lor a clearer understanding of the structure of the lung, a com- 
parison between the lung and two well known objects, namely, the 
common sponge and the tree, is helpful. .\ gross view of the sponge 
presents a combination of large and small openings with threadlike tis- 
sue between the large ones. Tf one looks on these large openings or 
canals as representing the bronchi, one may get a fairly accurate struc- 
tural comparison between these two organs. The canals in the sponge 
are so constructed as to allow a maximum amount of water to enter 
the canals and the smaller subdivisions, so that the sponge may 
absorb oxygen and food from the water. In the lung the bronchi are 
so constructed as to allow a maximum amount of air to come in contact 
with the capillaries of the alveoli so that an exchange of gasses may 
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be accomplished. Because the sponge is an aquatic ammial and has to 
obtain its oxygen from the water, provisions have been made to allow 
the water actually to come in contact with the smaller subdivisions of 
the sponge, which under the microscope appear as a dense network of 
threadlike tissue. In the lung in which air is the means of oxygenation, 
a somewhat different arrangement is present which allows the air to 
reach these smaller subdivisions. This has been accomplished by the 
establishment of a tubular system represented by the bronchial tree 
Thus the air is sucked or blown into the smaller subdivisions of the 
lung. A further provision has been made in the alveoli for allowing this 
air to reach the smallest capillaries. This is accomplished by the thin 
wall that is found between these larger capillaries, so that instead of 
the dense network of threadlike structures that are seen in the sponge, 


one now sees small chambers produced by a thin laver of tissue between 


Stereophotomicrograph of the normal human lung expanded to its normal 
volume and then dried; magnification, 12. To obtain a clear view, adjust the 
stereoscope until only one picture is visible and, aiter getting the proper focal 


distance, keep looking until the stereoscopic view 1s obtained. 


these threads. Such a striking functional and anatonuec similarity can 
be seen in the sponge and the stereomicroscopic picture of the lung 
that one can safely visualize the lung as a sponge, thus making the 
picture clearer and easier to grasp. 

Another striking comparison that may simplify the conception of 
the structure of the lung is that between the lung and the tree. The 
tree is so constructed in its branchings as to give a maximum leat sur- 
face. The lung on the other hand, is so constructed as to give a maxi- 
mum alveolar surface. One may therefore see a definite similarity in 
the ultimate distribution of the branchings in the bronchial tree and 
an ordinary tree. This comparison will help one primarily in visualizing 
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the mode of branching in the bronchi, since the saccules of air are dis- 
tributed much in the same manner as are the leaves on an ordinary 
shade tree. 
rHE BRONCHIAL TREE 

The bronchial tree divides from its origin at the trachea in a rather 
uniform manner. A larger bronchus is given off to supply each lobe 
of the lung. This in turn subdivides into smaller bronchi, which in 
turn subdivide into tertiary bronchi. There is a tendency toward 
branching in an acute angle, but there is no regular tendency to 
dichotomy. The terminal bronchioles arise from the tertiary or 
quaternary subdivisions. In other words, one does not see any minute 
subdivisions of the bronchial tree arising from the larger bronchi. 
\pparently the larger bronchi have two functions, namely, to give rise 
to smaller bronchi and also to add to the structural strength of the lung. 
The bronchioles of the third and fourth order are constructed to fill 
all possible space, but not to support appreciably the general structure. 
These subdivisions do not have any cartilages and are made up of 
fairly thin walls. They have an enormous number of terminal bronchioles 
that are arranged to fill in all available space. Such a branching if 
seen under the microscope would appear much like the cluster of 
saccules that fill the space between the larger bronchi and vessels. 


It might be mentioned in passing that the alveolar tissue immediately 


surrounding a larger bronchus may arise from the branchings of an 
adjacent bronchus and have no functional relationship to its neighbor. 

The terminal bronchioles as studied by our method show many 
important facts. These bronchioles are made up of very thin walls, 
which are so arranged that they present a series of groovelike depres- 
sions all along the inner surface of the bronchiole. They terminate in 
the alveoli, which are represented as terminal saccules grouped together 
at the end of each terminal bronchiole. When a cross-section of such a 
bronchiole is studied, one is impressed with the appearance of a thin, 
threadlike structure much like a balustrade in a circular staircase. The 
grooves that are present along the side opposite this balustrade may be 
terminal or may branch out into alveoli. 


THE NORMAL ALVEOLI 

The general appearance of the alveoli is not uniform, and one may 
see alveoli of various sizes and shapes. Frequently one sees openings 
in the interalveolar wall connecting two adjacent alveoli. The interal- 
veolar wall is made up of thin, transparent tissue, so that one may see 
through it from one alveolus to another. An alveolus may be described 
as a saccule of an irregular shape, either circular or polygonal, with its 
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walls so arranged as to represent a thin layer of tissue extended between 
networks of neighboring capillaries, and to allow a given amount of 
air to remain in this saccule as long as possible. 

When an alveolus is magnified 336 times one gets the impression 
that the lung is primarily a vascular organ, because the larger capillaries 
make up the skeleton of the alveolus, and between three or four such 
capillary stems there is a very thin wall like cigaret paper connecting 
these stems. This wall is also filled with numerous one-cell capillaries 
extending all along the surface. The wall of these minute capillaries is 
so thin that it is invisible, and frequently one gets the impression that 
the alveolar wall is made up of ridges separated by grooves, the latter 
representing the pathway of the blood cells. This is quite noticeable. 
particularly in the living frog, in which the blood, after leaving the 
larger capillary, suddenly runs into a large number of channels in such 
a way that it appears that the blood is sprayed into an open space, 


and again collects in a larger capillary on the opposite side 
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THE MECHANISM OF PNEUMONIA* 


MINAS JOANNIDES, M.D. 
AND 
H. STEINMAN, M.D. 


CHICAGO 


The normal lung as seen by surface stereomicroscopy | is made up of 
a series of saccules separated from one another by a thin, transparent, 
interalveolar wall. The bulk of this wall is composed of large and 
small capillaries so arranged as to allow for the largest possible exposure 
of blood to the alveolar gases. Under normal conditions air enters the 
alveoli through the terminal bronchiole, and with each expiration a part 
or the whole of this air is expelled back into the bronchial tree and 
thence outward. 

When inflammation occurs in the alveoli, it has its origin in the 
vascular tree, in the inner wall of the alveolus or, by extension, in the 
pleural surtace. Regardless of origin the steps of inflammation in 
the alveolus are practically the same as those in inflammation in any other 
part of the body. In other words, one would expect hyperemia fol- 
lowed by swelling and exudation and finally resolution or suppuration. 

Because of the peculiar saccular structure of the alveoli and the 
marked vascularity of the organ, the lung in undergoing the steps in 
inflammation presents certain unusual features. Following an irritation 
to the alveolar lining, one would expect a swelling of the cells and 
hyperemia in the vessels. With the collection of increased fluid content 
in the interalveolar wall, the fluids would naturally find their way in 
the direction of least resistance. The exudate, therefore, would flow 
into the alveoli, which are filled only with air that can be readily dis- 
placed by any fluid. Thus the development of the consolidation of the 
lung is completed. During the earlier stages of inflammation when a 
large amount of blood is present in the capillaries of the inflamed area, 
the exudate is bloody, and it imparts to the lung the appearance of red 


hepatization, Since the air spaces are filled with liquids, there is no 


longer crepitation in the tissues, and there is a corresponding absence 
of the normal resonance imparted by the presence of air in the substance 
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of the lung. As the inflammatory changes produce a diminution of the 
red blood elements and an increase of the white blood elements, the 
color of the exudate changes accordingly from red to gray hepatization 

Consolidation of the lung tissue may also occur by the complete 
occlusion of air in the bronchial tree. In such a case the mechanism of 
fluid exudation depends on the inability of the lung to expand and 
contract, and thus the fluid elements in the interalveolar wall are dammed 
back and naturally run into the alveolar sac, filling it up more and more 
and compressing the air present into a minimal volume. In the presence 
of infection such an area makes a good culture medium for bacteria, 
and thus gives rise to inflammation.* 

Consolidation may also be developed by introducing fluids into the 
lung from the outside by means of intrabronchial injection. To produce 
such conditions, the defensive mechanisms of the lung must have been 
abolished. Thus it is quite difficult to introduce small amounts of fluid 
into the lung when the swallowing and cough reflexes are still present. 
When a large amount of such uid is injected intrabronchially these 
reflexes have no protective power. When, however, only small quan- 
tities (from 10 to 50 ce.) are injected, the lung can expel such fluid 
fairly well, unless it happens to be freshly coagulating blood, which, on 
reaching the complicated interstices of the alveolar structure, throws its 
fibrin network in all directions and gets so firm a hold that even the 
hardest cough cannot expel the blood. If fresh or freshly coagulating 
blood is injected with fusospirochetes, fusospirochete pneumonia and 
pulmonary abscess may result in a large percentage of cases.” 

Compression of the lung produced by pneumothorax, extrapleural 
thoracoplasty or diaphragmatic hernia does not produce the consolida- 
tion seen in inflammatory lesions of the lung. It is true that there is 
less aeration and a very slow gradual fibrosis secondary to the immo- 
bilization of the lung in these cases. Under such conditions the alveoli 
are not drowned by exudate, nor is there an inflammatory reaction 
other than the preexisting one. The interalveolar wall retains most of 
its elasticity, and as soon as the compression is removed, it can again 
easily expand to its original volume. Such has been our experience in 
the experimental production of diaphragmatic hernia in dogs. In these 
animals a diaphragmatic hernia was produced on the left side, and the 
dogs were allowed to live from one week to six months. At autopsy 
the cavity of the chest was found to be filled with the gastro-intestinal 
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tract, and the lung appeared as a mere appendage of the primary 
bronchus. On microscopic examination the lung showed the alveoli to 


be greatly contracted, but they contained air and showed no exudation 
in the alveolar sac. The interalveolar wall was thicker than normal 
and presented linear strands just as if numerous threads had heen 


bunched together. This picture has also been observed by surface 
stereomicroscopy in the clinical examination of patients with lung com- 
pression caused by tumors of the bronchi extending into the lung tissue 
and also in cases of lung compression caused by thoracoplasty, pneumo- 
thorax and empyema. In experimental compression of the lung result- 
ing from the production of diaphragmatic hernia, the normal serous 
membrane of the gastro-intestinal tract came in contact with the serous 
surface of the pleura, thus avoiding the complications arising from 


Surface stereophotomicrograph of a portion of the lung showing stages in 
pneumonia. Note at the upper right hand corner the edema of the thin alveolar 
wall, which is not very transparent. At the upper left hand corner the alveolar 
wall is more edematous, but the alveoli are not obliterated as they are in the 
center and in the lower half of the picture note the greater thickening of the inter- 
alveolar wall. (To obtain a clear view, adjust the stereoscope until only one 
picture is visible, and after getting the proper focal distance keep looking until 
the stereoscopic view is obtained.) 


irritation of the pleura. Under such conditions the lung could be 
expanded by increasing the interalveolar pressure, and as soon as it was 
allowed to expand, practically all traces of compression disappeared, and 
the alveoli retained their normal contour. A similar expansion of the 
lung occurs in pneumonia when the intrabronchial pressure is increased 
to 20 or 35 mm. of mercury. A detailed report of these observations 
will be found in another paper.‘ 


4. Joannides, M.: The Insufflation Treatment for Pneumonia, to be published 


in the February issue of the Archives of Internal Medicine. 
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Pneumonia, therefore, may be regarded, microscopically, as a drown- 
ing of the alveoli with endogenous or exogenous fluids. This drowning 
results in the obliteration otf the alveolar sacculations giving rise to 
atelectasis. The interalveolar wall undergoing the changes due to 
inflammation becomes thicker and less elastic, so that one can see by 


surface stereomicroscopy (see the accompanying figure) partially or 


completely occluded alveoli with their walls thickened to many times 


their original dimensions. As the inflammatory reaction of the lung 
subsides and the walls get closer and closer to their original thickness, 
the lung regains its normal elasticity so that it again expands and con- 
tracts. The fluids in the alveolar wall then become absorbed as the lung 
begins again to expand and contract. The exudate in the alveolar sac is 
coughed up, and the pneumonia reaches its stage of resolution. In the 
case of pneumonia of the fusospirochete type, the process goes on to 
destruction, with a resultant formation of abscesses. 


ERYTHEMA INFECTIOSUM 
\ CLINICAL STUDY OF AN EPIDEMIC IN BRANFORD, CONN.* 
ANNE LOUISE LAWTON, M.D. 
ANI 
ELOISE SMITH, M.D. 
NEW HAVEN, CONN 
This is a report of ninety-seven cases of erythema infectiosum which 
osecurred in Branford, Conn., during the late fall and winter of 1929- 


1930. We saw fifty-seven cases in the series and kept clinical records. 


Information concerning the remainder of the cases was obtained from 
Dr. A. S. MeQueen, health officer, or from the Visiting Nurse .\sso- 
elation, 

REVIEW OF THE LITERATURE 

In 1886, Tschamer' reported from Graz an epidemic of thirty 
cases of an eruptive disease which he differentiated from typical rubella, 
but considered a modified form (ortliche rétheln). Gumplowiez,? in 
1891, and Tobeitz* in 1898, beth from Graz, reported further cases 
confirming Tschamer’s observations and also agreeing with him that 
the condition was modified German measles. [scherich,* in a discussion 
of Tobeitz’ paper read at Moscow in 1896, was the first to suggest that 
the disease was a distinct entity. Schmidt.’ in 1899, from Escherich’s 
clinic in Graz, described two further epidemics in 1897 and 1899. 
I-scherich © stated that Sticker,* in 1899, described an epidemic in Gies- 
* Submitted for publication, June 24, 1930, 

*From the Department of Internal Medicine, Yale University School of 
Medicine 
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sen, without knowing of the work from Graz, and gave to the disease 
the name “erythema infectiosum,” which was accepted by Escherich. .\ 


further description of forty-five cases was given by Berberich” one ot 


Sticker’s students. Other reports have been published by Tripke in 
1901 (seventy cases), Feilechenfeld in 1902, Plachte '' in 1904, Hei 
mann in 1904 (ten cases), Pospischill in 1904, Escherich in 1904, 
von Michalowiez '* in 1910, Heisler '® in 1914 (twenty-five cases), 
Tobler '® in 1914-1915 (sixty-six cases), Weber '* in 1916, Ochsenius "> 


in 1917 (twelve cases), and Kissinger?’ in 1928 (ten cases ). 


The earliest account of erythema infectiosum published in .\merica 


was that of Shaw °° in 1905, in which he described cases seen by him 


in Vienna in 1904, and gave a historical review and clinical discussion. 


Prior to Shaw’s article, descriptions of erythema infectiosum were 
confined to the German literature, but since 1905 scattered reports have } 


appeared from other countries. In .\merica there have been only a 


few epidemics reported. Shaw *! cited a personal communication from 
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Dr. Braner of Hamburg, New York, concerning a local epidemic of 
thirty-seven cases occurring in the spring of 1919. Zahorsky,?* in 
1924, reported nine cases from St. Louis and mentioned having had 
several cases during a local epidemic about ten years previously. In 
1926, Herrick ** published a clinical report of seventy-four cases per- 
sonally observed during 1924 and 1925 in Cleveland Heights. Feeley ,** 
in 1928, reported one case which he diagnosed erythema infectiosum. 
Smith?" in 1929, reported fourteen cases from Ogden, Utah, occurring 
in the fall of 1927 and the spring of 1928. 

In 1926, Hanneman *" reported an epidemic from the Netherlands ; 
in 1927, Taccone ** reported one from Milan. In 1928, Cathala and 
Cambessédés * reported cases in five of seven children in one family. 
Halle, in a discussion on their paper, mentioned having seen a small 
epidemic in a private school three vears before the World War. 

The descriptions of the disease as given by the various authors are 
essentially in agreement. Several different names have been applied to 
the condition: ortliche Rétheln, megalerythema epidemicum, exanthema 
variable, erythema simplex marginatum, erythema infantum febrile, 
epidemische kinderrotlauf and fifth disease; but, at the present time, 
erythema infectiosum seems to be generally accepted. 

Complete discussions of erythema infectiosum are given by Tobler,”’ 
Stooss °° and Shaw.*! The following account is summarized from 
Shaw. He defined erythema infectiosum as a feebly contagious disease 
occurring chiefly in children, with very slight subjective symptoms, 
characterized by a maculopapular rose-red rash more pronounced on 
the cheeks, legs and outer surface of the arms. Nothing is known as 


to the etiology. He stated that in cases in which it was possible to make 
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correct observations, the period of incubation was from six to fourteen 
days. The most characteristic feature of the disease is the eruption, 
which often is the first and only symptom, although there may be a 
prodromal stage with slight malaise and sore throat. The rash appears 
first on the face, and is there quite characteristic. The cheeks are chiefly 
involved, with a confluent eruption resembling erysipelas in appearance. 
The skin over the cheeks has a rose-red efflorescence, is swollen, is hot 
to the touch, but not sensitive or itching, and is usually separated from 
the normal skin by a well defined, slightly raised edge, although the two 
may merge gradually. The nasolabial region is not involved, whi 
diserete spots may be seen on the forehead and chin. The rash, which 
in symmetrical, spreads peripherally, appearing on the body and extrem 


Fig. 1 (case 81)—Fourth day. Upper arm and trunk, showing the lacelike 
appearance of the rash. 


ities about the second day. It is most marked on the extensor surfaces 
of the arms and legs and on the buttocks, the trunk invariably being 
less involved than the face and the extremities. “The eruption is typical 
and characteristic on the extremities. Maculopapular spots appear 
which fade from the center leaving a lacelike or geographic appearance. 
This is well shown in figure 1 from case 81. The rash is more macular 
than papular, with only a slight elevation except on the face, and it 
blanches momentarily on pressure. It is not seen in the mouth or 
fauces. .\ peculiar evanescence is often noted. The rash apparently 
disappears, but reappears after slight irritation of the skin. The erup- 
tion fades rapidly from the face and trunk, but may last on the extre- 
mities from six to ten days. There is no desquamation, staining or 
marking. Shaw states that the subjective symptoms are conspicuous by 
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their absence, although a few adults have complained of a burning and 
pulling sensation in the cheeks and also of some joint tenderness. ‘There 
Is no coryza or cough, the conjunctivae are not congested, the lymph 
nedes are not enlarged and the urine is normal. The tongue may be 
slightly coated, and there may be slight fever. There are no complica- 


tions or sequelae, and no treatment is recommended. 


CLINICAL OBSERVATIONS 


Table 1 gives the sex, age, date of onset duration of rash, previous 


cases in the family and school attended in the ninety-seven cases of the 


epidemic in Brantford, as far as such information could be obtained. 
The cases that we have seen are starred. There were fifty-four females 
and forty-three males. Eighty-eight of the ninety-seven patients were 
from 4 to 12 years of age, with an average in that age group of 8! 
years. The youngest patient was & months old, the oldest 45 years. 
The duration of the rash varied from two to twenty-four days. In 
Herrick’s ** cases the duration was from three to twenty-one days. 
The following deseription is based on our series of fifty-seven cases. 
There were no definite prodromal symptoms. Twelve children gave a 
lustory of a nuld upper respiratory infection within one week before the 
appearance of the rash, which may have been incidental, as many of 
them were known to be subject to frequent colds. In three children 
colds developed after the rash was full blown. Five children had ques- 
tionable slight malaise for from one to two days preceding the appear- 
ance of the rash. In all other instances the rash was the first symptom 
noted and was the only symptom in the majority of cases. In most of 
the cases, the rash appeared first on the face. When it was well devel- 
oped, the cheeks were fiery red and the patient appeared overheated. 
The rose-red efflorescence mentioned by many authors was particularly 
well marked in brunettes. On close inspection the rash was seen to 
consist of rose-red maculopapules which became confluent over the 
cheeks but might remain discrete or produce a gyrate pattern as it 
extended back toward the ears. The patterned rash sometimes extended 
across the angle of the jaw and along the neck below the ear and, rarely, 
back of the ear. It was at times seen on the chin or forehead, or there 
might be discrete spots in these areas. The color here was never so 
brilliant as over the cheeks. The rash usually did not bridge the nose 
but sometimes extended onto the sides. The confluent area felt hot to 
the touch and had a slightly elevated edge. There was a definite 
circumoral pallor. In no case was the rash seen to extend bevond the 
nasolabial folds. The rash on the face lasted from one to three or four 


days, rarely longer. 


TABLE 1.—Cases of Erythema Infectiosum 


Previous Cases Date of Duration 
in Family Onset in Days 


N 


None Nov. 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
Case 5 
None 
None 
None 
Cases 5, 13 
None 
None 
None 
Case 1 
None 
None 
None 
Case 9 
None 
None 
Case 19 
None 
None 
Case 8 
None 
None 
Case 11 
None 
None 
None 
? 


* 
po 


None 
Case 24 
Case 16 

None 

None 

None 
Case 39 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 
Case 46 

None 

Cases 11, 
Cases 11, 
Case 57 


2 
2 
8 
6 
8 
9 
1 


SH 


None 
None 
Case 62 
None 
Cases 57, 60 
Cases 11,34, 58, 59 
None 
None 
None 
Cases 11, 34, 58, 59, 67 
Case 70 
None 
None 
None 
None 
None 
None 
Case 73 
None 
Cases 73, 79 
None 
None 


ceo 


mo. 


* Cases seen by authors. 


Schoo! 


Center 
Harrison A.1 
Laurel St. 7 
Laurel St. 7 
Harbor St. 1 
Harrison A.1 
Center 3 
Center 5 
Center 2 
Center 6 
Center 5 
Harbor St. 4 
Center 4 
Harrison A.1 
Center 4 
Harbor St. ¢ 


Center 4 
Center 6 


Canoebrook 2 
Center 4 
Center 5 
Center 
Center 3 
Center 6 
Center 5 
Harbor St. 5 
Harrison A.1 
Center 4 
Harbor St. 3 
Center 6 


Center 3 
Harrison 
Center 3 
Center 8 
Center 6 
Center 3 
Center 3 
Center 3 
Center 3 

Har. Av. Kind. 
Center 3 
Center 3 
Center 3 
Center 6 
Indian Neck 5 
Center 3 
Center 2 
Center 3 
Center 6 
Center 5 


Center 5 
Center 3 
Harrison A.2 
Center 4 


Center 4 
Canoebrook 4 
Harbor St. 5 
Center 5 


Harrison A.2 
Laurel St. s 
Stony Oreek 2 
Center 2 
Stony Creek # 
Indian Neck 2 
Indian Neck © 
Canoebrook | 
Indian Neck 


Center 3 
Indian Neck 3 
Harbor St 


Case Age Sex 
6 3 
1 y F 3 
: = : i 
Dee 

LA Dee. | 


TaBLe 1.—Cases of Erythema Infectiosum—Continued 


Previous Cases Date of Duration 
in Family Onset in Days School 
Case 83 Jan. 13 
None Jan. 1 nt Laurel St. 8 
Cases 83, S84 Jan. : Laurel St. § 
None Jan. ae Laurel St. 8 
None Jan. 17 as Canoebrook 4 
None Jan. Harbor 5 
Case 25 Jan. 2: Canoebrook 6 
Case 80 Jan. 23 ed Harbor 2 
Cases 83, 54, 86 Jan. 27 Center 5 
None Jan. 2! ae Laurel 8 
None Feb. 3 aS Center 3 
None Feb. a Indian Neck 4 
None Feb. Canoebrook 1 
None Feb. 19 ee Center 3 


Cases seen by authors 


About one day after its appearance on the face the patterned rash 
appeared on the extensor surfaces of the arms, usually appearing first 
on the upper arms and subsequently on the forearms and dorsal sur- 
faces of the hands (fig. 2). Within from twenty-four to forty-eight 
hours it extended to the flexor surfaces, tending at the same time to 
clear on the extensor surface, leaving pale areas outlined by the traceries 
ot the rash. Figure 3 shows this clearing, although in this case it 
occurred somewhat earlier than usual. The legs and trunk were involved 
at approximately the same time as the arms, or some hours later. The 
buttocks frequently showed a more brilliant rash than the extremities, 
usually maculopapular in character. In some cases the trunk showed 
no eruption, or only a few isolated spots usually over the chest and 
back. A small number of cases showed a diffuse rash over the trunk. 
The eruption on the legs resembled that on the arms and was always 
more marked on the extensor surfaces. Rarely it extended to the dorsal 
surfaces of the feet. The axillary folds, when involved, the wrists and 
the elbows showed a more brilliantly colored rash than was observed 
elsewhere on the extremities. The rash might persist for some time on 
the wrists and around the elbows after it had disappeared from the rest 
of the body. A cyanotic marbling of the extremities in the late stage 
or following the rash was seen in several cases, an appearance which 
would seem to resemble the marble-like mottling of Braner ** and the 
dusky mottling like a faint cyanosis described by Herrick.** Although 
the rash in general was quite characteristic, it varied somewhat in 
individual cases. Some patients either had no rash on the face or it 
was overlooked. Several showed the characteristic patterned rash only 
on the arms. In some cases the rash was definitely elevated in some 


32. Braner, cited by Shaw (footnote 21, second reference). 


Cause Age Sex 
85. D, C M 
*36.T. W M 
87. P. D 12 
88. A. R.. 10 M 
89. W. 1 M 
*00. L. M F 
91. P. M 
92. R. W M 
93. A. B 38 M : 
04. M 
96. M. H. . . Ww M 
96. H. M 
97. R. Hi F 
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areas, especially over the upper arm and shoulder; in others it was 
apparently macular. It faded momentarily on pressure. The evanes 
cence noted by previous writers was observed in many of these cases 
There was no desquamation or staining. No eruption was seen in the 
mouth. 

Symptoms and signs other than the rash were few or absent. Three 
adults complained of burning of the cheeks and itching of the rash. 


Fig. 2 (case 64).—Second day of rash. Left arm, showing characteristic pat 
terned rash. 


Only two children complained of itching. Of sixty-eight temperature 
readings, four were above 100 F. Two patients had a temperature of 
102 F. at the onset, the highest reading recorded. The others ranged 
from normal to 99.8 F. Several patients showed slight conjunctival 
injection, which disappeared as the rash cleared. Several showed slight 
injection of the anterior fauces, but none had symptoms of sore throat. 
Eight patients had herpes labialis. A few children had enlarged, non- 
tender cervical lymph nodes, but were known to have had them previ- 
iously. The 2 year old patient was considered by her mother more 
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Taste 2—Leukocyte and Differential Counts 


Day Temper- White Poly- Lym- Un- 
of ature, Blood morpho- pho- Mono- Eosino- Baso-_ classi- 
(use Age Sex Rash FF, Cells nuclears cytes eytes phils phils fied : 
, 2 F 4 99.6(R) 11,700 39.40 41.20 6.20 11.60 0.60 1.00 q 
6 99,.6(R) 18,200 47.50 33.25 9.25 9.00 0.25 0.75 4 
62 5 M 3 een 9,600 63.00 20.25 8.50 6.50 0.50 1.25 
2 6 M 5 99.2 10,200 $1.25 7.00 2.75 0.75 1.50 
3s 6 F 1 98.6 37.00 9.40 7.40 1.20 0.20 } 
36.50 9.25 5.75 0.25 0.00 
33.75 7.50 8.75 0 


f 8 M 3 99.2 6,900 5.62 4.68 0.96 1.37 
6 «99.0 7,000 6.00 3.00 1.25 1.25 
8 996 6,700 5.25 2.50 1.00 1.25 
10 «99.6 8,100 7.95 2.50 2.00 0.00 
«99.4 6,100 8.65 3.10 1.00 1.50 
16 99.2 7,500 3.25 1.75 0.50 1.75 
0 97.8 6,300 7.75 3.25 0.50 1.75 
3s 8 F 5 6.0 8,200 53.75 34.75 7.75 2.25 0.00 1.50 


iy 
3 98.2 7,800 62.25 28.75 


8,500 
11 ass 7,700 51.00 35.20 


9,400 


Dio 


o 
re 
3 


6,100 f 2.75 12.75 ef 
99.1 7,600 69.00 2.50 4.75 0.25 0.25 


14,400 
7,600 


6,800 51. 7.00 50 0.75 2.25 


6,400 


6,000 


5,200 


{ 
4 
bs 7 a 1 99.6 7,600 
3 9666 5,800 ba 
4 68.50 19.50 6.50 0.25 1.50 
5 
53 ae 1 99.6 60.50 32.75 2.50 3.00 0.25 1.00 ’ 
12 pave 
1 998 48.50 31.75 9.50 8.50 0.25 1.50 
40 =F 3 988 7,400 55.75 29.75 6.75 5.75 1.25 0.75 ' 
8 94 6,500 57.60 28.00 4.60 6.80 0.40 2.60 7 
«98.4 7,900 46.25 41.00 3.00 8.00 0.25 1.50 
> M 8,600 52.75 31.25 6.75 6.75 0.25 2.95 
1 99.8 9,500 66.00 26.25 1.75 4.50 0.00 1.50 
61 9 *F 4 1 6,700 52.25 29.75 4.50 10.50 0.50 2.50 
6 99.5 8,000 52.50 28.75 6.75 10.50 0.50 1.00 
64 9 M 2 AP 7,100 61.25 27.50 8.25 1.75 0.25 0.75 
4 7,100 
63 9 F 7 98.8 5,900 ' 
10 3 7,300 50.25 39.00 4.25 4.25 1.00 1.25 
5 10 *F 4 99.2 10,800 52.50 38,00 5.50 2.50 0.50 1.00 q 
2 100.2 57.25 33.50 4.75 2.50 0.50 1.50 
5 39.00 37.00 11.00 13.00 0.00 0.00 
1 6,200 52.95 87.75 3.25 5.50 0.00 1.25 q 
15 99.0 6,000 53.25 34.7% 5.00 5.50 0.50 1.00 3 
*F 2 98 8,000 51.50 40.25 5.50 2.75 0.00 0.00 
4 7,000 50.50 31.00 6.50 10.00 0.25 1.75 
13 (992 9,000 49.50 40.00 5.25 4.00 0.50 0.75 4 
12 { 99.0 8,400 49.50 $6.25 5.75 7.50 1.00 0.00 
6 2 2 5,100 
M4 35 M 7 5,800 
6 4 F 48.00 30.50 8.00 13.50 0.00 0.00 
4 9 5 42.50 46.50 7.00 3.50 0.50 0.00 
19 10 M 56.40 34.80 4.00 3.60 0.20 1.00 q 
4 F 41.50 49.00 4.50 4,00 1.00 0.00 
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Fig. 3 (case 64 Second day of rasl Lett arm tensor surface. « 
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irritable than usual. Otherwise no changes were noted in any of the 
cases. No complications or sequelae were observed. 

The results of leukocyte and differential counts are given in table 2 
The distribution of leukocyte counts on different days of the rash is 
shown in figure +. The counts were all taken by one person. Ditter- 
ential counts were made on paired cover slip preparations, and a mini 
mum of 400 cells counted. The cells included as unelassified were 


mainly pathologic lymphocytes. The counts show no leukocytosis, but « 
tendency toward eosinophilia and a relative lymphocytosis. Herrick - 


reported 7 counts which he considered to be of no diagnostic significances 
Cultures taken from the throat in twelve cases and planted on 
blood agar plates showed only the usual mouth flora. 


Day of Rash © 


Fig. 4.—Leukocyte counts according to the day of the rash 


SELECTED CASE HISTORIES 


Case 25.—On November 19, a girl, aged 10 years (brother, case 9, had a rash 
starting on November 12), was reported by the visiting nurse to have marked 
rash on the face and body; the temperature was 102 F. There were no prodromal 
symptoms. We first saw the patient on November 20, at which time the tempera- 
ture was 99.8 F.; the conjunctivae and anterior pillars of the fauces were slightly 
injected. The face showed a very red efflorescent rash with an erysipeloid dis- 
tribution and an elevated margin, and was very hot to the touch. There was 
an extensive, dusky red, maculopapular eruption over the trunk and extremities, 
the groups of lesions separated by clear spaces giving a blotchy appearance. () 
November 22, the temperature was 99.2 F., the conjunctivae and anterior fauces 
were still slightly injected and the rash on the face was fading. On the extensor 
surfaces of the arms the rash was practically confluent and quite red and 
extended to the dorsal surfaces of the hands. The flexor surfaces of the arms 
were mottled and somewhat cyanotic. The rash was marked over the buttocks 
and lateral aspects of the thighs and slight over the chest and back, with a faint 
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lacy rash on the abdomen. On November 25, the rash had disappeared from the 
face, but was still present on the dorsal surfaces of the hands, including the 
proximal phalanges, and over the extensor surfaces of the elbows. A mottled 
rash was present over the buttocks. On the tenth day, the rash had entirely 
disappeared. There were no other symptoms during the period of observation. 

Case 39.—A boy, aged 8 years, first noticed a rash on the arms on November 
25. We first saw him on the same day. The face appeared flushed but showed 
no definite eruption. The cervical glands were enlarged, but not tender (adenoid 
facies). The throat was not injected. There was a patterned rash over the 
extensor surfaces of the arms, more marked on the upper arm. The chest and 
buttocks appeared mottled. The temperature was 98.6 F. On November 27, the 
rash was still present on the extensor surfaces of the arms and on the buttocks, 
with a marked rash on the anterior surfaces of the thighs. On November 29, 
there was a slight rash on the flexor surfaces of the forearms. On December 2, 
a definite marbled rash was present over the thighs, anteriorly and posteriorly. 
There was no rash elsewhere. All of the rash was gone in two weeks. There 
were no other symptoms. 

Case 51.—On December 4, a girl, aged 10 vears, was sent home from school 
by the visiting nurse because of a brilliant rash on the face. We first saw her 
on December 5, at which time the temperature was 100.2 F.; the conjunctivae were 
slightly injected, but the throat was not. The cheeks showed a confluent, slightly 
raised rash, which was hot to the touch. A rash was present on the chin extend- 
ing onto its under surface. There was a patterned rash on the arms, more marked 
on the flexor surfaces. The anterior and posterior axillary folds were covered 
with a brilliant rash. After exposure to the cool air of the room, a definite rash 
appeared on the chest, abdomen, buttocks and thighs. On December 6, the rash 
was clearing up, but was still marked on the arms. On the fifth day, the rash 
had entirely disappeared. There was no recurrence. There were no other 
symptoms, 

EPIDEMIOLOGY 


Tobler ** mentioned the fact that all the available communications 
on erythema infectiosum report group infections, and that epidemics 
varying in extent may recur in the same place after intervals of a few 
years; he cited specifically the reports of Schmidt, Gumplowicz and 
Tobeitz from Graz. He does not think that individual reports from a 
large city give an accurate picture of the actual spread of the disease, 
and that because of the lack of symptoms and the fact that the disease 
is not reportable, the actual figures are probably much higher than those 
reported. His own series of cases from Breslau came almost entirely 
from the material of a single clinic in a city of more than half a million, 
while it was estimated that two thirds of the patients came from the 
neighboring quarters of the city. He expressed the belief that this 
should be taken into consideration in interpreting the distribution of his 
cases, the greater number of which occurred in the neighborhood of the 
clinic. He said that the actual morbidity in Breslau was much greater 
than that reported by him. He considered that the fact that erythema 


33. Tobler (footnote 16, second reference). 
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infectiosum is frequently reported as occurring in association with or 
following measles, German measles and scarlet fever does not indicate 
any essential connection. For weeks during the Breslau epidemic, 
which lasted from November, 1913, to March, 1914, erythema infecti- 
osum was the only observed infectious exanthem. 

Shaw ** stated that as the disease is not found frequently it may 
be assumed that the contagiousness is limited or the predisposition is 
not general. He mentioned that a number of Weber's cases occurred 
in an orphan asylum where only two or three cases developed a week. 
In many instances it has been reported to spread through families. 
Herrick ** noted that in the 1925 epidemic in Cleveland Heights there 
were no cases in the school in which most of the cases were observed 


P 
No. of Casem 


21 


Fig. 5.—Incidence of reported cases by weeks. 


during the 1924 epidemic. He considered that one attack establishes 
a specific immunity. 

The present epidemic of erythema infectiosum began on Noy. 1, 
1929, and lasted until the middle of February, 1930. The number ot 
cases by weeks is given in figure 5. 

Analyses of the city water supply, made by the laboratories of the 
State of Connecticut Department of Health, on Oct. 22 and Noy. 19, 
1929, were reported by Dr. I. V. Hiscock to show nothing abnormal. 
The water supply of one family, in which cases 62 and 64 occurred, was 
from a private well. In case 62, that of a preschool child, the patient 
was stated to have had no water except that from the home well for 
at least two weeks prior to the appearance of the rash. In case 64, 
however, the patient attended school, and the first signs of rash devel- 


34. Shaw (footnote 21, first reference). 
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oped one day after its appearance in the patient in case 62. Milk and 
food supplies were investigated by the local health officer, and were 
considered to have no epidemiologic significance. 

Of sixty-eight families in the series with two or more children, 
seventeen had more than one case. In one family with six children, all 
six had erythema infectiosum, the largest number of cases in one family 
observed in the present series: case 11, onset November 13; case 34, 


Taser 3.--Incidence of Cases in Schools 


Total Total 
School Room Enrollment Cases Enrollment Cases 


Center. Grades and IIT. 
Grade 
Grade IV... . 
Grade V 
Grade V1... 


Canoebroo!, ‘ Grade T. 
Grades If and IIl.... 
Grades TV and V.. 
Grades V and VI.... 


Harbor St Opportunity...... 
Grades I and If....... 
(irades HT and Iv... 
Grades V and VI 


Harrison Avenu : Kindergarten 
tirades and 


Indian Nec} Grades I, I], and IV.... 


Grades V and VI...... 
Laurel St. . : Grade V 
Grade V 
Grade V 
Grade V 
Grade V 
Grade V 
Stony Creek Grades I and I1.. 
Grades IT and III. 
Grades 1V and V.. 
Grades VI and VII 
Grade V iil... 


All schools... 


November 23; cases 58 and 59, December 10; case 67, December 18; 
case 71, December 28. 

Eighty-five of the cases occurred in school children. It is interesting 
to note that the first patient attended Center School, in which there were 
forty-five cases in all, the highest incidence in any of the schools. Cases 
by schools are given in table 3. The distribution of cases in the town 
was fairly general, and not confined particularly to any one locality. 

In fifty cases information was obtained, from parents in the case of 
children, with respect to a previous history of measles, rubella and 
scarlet fever. Forty-one of the fifty patients had had measles, eleven 
rubella and five scarlet fever, while ten had had both measles and rubella 


i 
31 5 & 
‘ 41 18 
43 7 q 
45 8 
41 7 
204 45 
32 2 q 
= 39 2 
os 
149 6 
13 0 
40 3 
36 4 
3 
120 10 
48 1 
41 5 
ol 2 
120 
44 5 
vie 33 1 3 
77 6 
21 0 
41 1 
2 
nr 37 1 
39 0 
79 4 
258 5 q 
33 1 
37 0 
38 0 
33 1 
ay 34 0 j 
175 2 
\ : 
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and five both measles and scarlet fever. Twenty-six had had measles 
only and one rubella only, while none of the fifty had had all three. 
Immediately preceding and during the time of the epidemic, there were 
no known cases of measles or rubella in the town. 


EXPERIMENTAL OBSERVATIONS 

Nasopharyngeal washings were obtained from two cases, one on the 
first day of the rash and one on the eighth day. These washings were 
made with from 15 to 20 ce. of sterile physiologic solution of sodium 
chloride, kept at body temperature, and each within one hour was inocu 
lated, unfiltered, under aseptic conditions, into a healthy white male 
rabbit, the abdomen and flanks oi which had been shaved from twenty- 
four to forty-eight hours previously. The inoculations were made 
intraperitoneally, intratesticularly and on the scarified cornea. Control 
rabbits, shaved at the same time as the former, were similarly inoculated 
with sterile physiologic solution of sodium chloride. Daily observations 
were made, and it was felt that no significant results were obtained. 
There were no local reactions at the sites of injection and no skin 
changes, and the rabbits maintained normal appetites and apparently 
remained well. 

SUM MARY 

An epidemic of ninety-seven cases of erythema infectiosum occurring 
in Branford, Conn., is reported. The results of clinical examinations, 
including reports on leukocyte and differential counts and throat cul- 
tures, are given. The epidemiology is discussed, including the incidence 
of cases in families and schools. Experimental work, the results of 
which were entirely negative, is cited. 

The epidemic in Branford was similar in all respects to previously 
reported epidemics of erythema infectiosum. The characteristic fea- 
tures of the disease are the rash, its distribution, the evanescence, the 
relatively long duration and the absence of other symptoms. It seems 
to be a distinct clinical entity, and all evidence points to its being trans- 


mitted from person to person, although the exact mode of transmission 


and the etiology of the disease are unknown. 


LEUKEMIC CHANGES OF THE GASTRO- 
INTESTINAL TRACT * 


W. SCLAIR BOIKAN, M.D. 


CHICAGO 


In leukemia, the gastro-intestinal tract has received but little atten- 
tion. Symptoms referable to it are usually interpreted on the basis of 
the coexistent cachexia and anemia. Roentgen studies are few (Holmes, 
Dresser and Camp‘), and in most instances the pathologic changes are 
discovered only at autopsy. Involvement of the gastro-intestinal tract 
by the leukemic process Is not only of theoretical, but also of practical, 


interest, as gastro-intestinal leukemia may dominate the clinical picture. 


ven emergency operations may be found necessary when intussuscep- 
tion or perforation Occurs. 

Fourteen cases of leukemia, eleven myelogenous and three lymphatic, 
were studied with particular reference to the gastro-intestinal changes. 
One, a case of chronic lymphatic leukemia, will be presented in detail 
because of features of great rarity. The remaining cases will be 
analyzed in the general comment and review of the literature. 


REPORT OF A. CASE 


History —W. W., a white man, aged 50, entered the Cook County Hospital on 
Feb. 21, 1930. He stated that in the past four months he had noticed that his 
abdomen was getting larger. He had had no abdominal distress of any kind. 
Simultaneously, a few nodules had appeared below the jaw on both sides. In 
the last two months, the swelling had increased so much as to make it difficult 
for him to open his mouth. In the past two weeks, his gums had become swollen, 
were painful and prohibited chewing. The teeth were falling out painlessly. 
Recently his ankles had begun to swell. Further questioning elicited the fact 
that the patient suffered from a moderate diarrhea of from three to four watery 
howel movements per day. 

The past history was of no significance. 

Examination.—On physical examination, he was markedly emaciated. The 
gums were swollen and tender and discharged pus from the alveoli of the jaw. 
There was a markedly fou! odor from his mouth. The cervical glands formed 
huge masses, unattached to the skin and moderately adherent to each other; dis- 
crete nodules were present in the posterior triangles of the neck. The heart 
showed no abnormalities. 

The lungs were normal, except for a limitation of expansion on the left side. 


* Submitted for publication, July 14, 1930. 

*From the Department of Pathology, Cook County Hospital. 

1. Holmes, G. W.; Dresser, R., and Camp, J.:| Lymphoblastoma: Its Gastric 
Manifestations with Special Reference to the Roentgen Findings, Radiology 7:44, 


1926. 
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In the abdomen, the liver was found 5 fingerbreadths below the costal margin 
The spleen extended from the fourth rib in the midaxillary line he costal 
margin and had a firm, notched edge. 

There was a moderate amount of shifting dulness in both flanks. 
extremities pitted on pressure. 

Examination of the blood showed the following: erythrocytes, 2,000,000 ; hem« 
globin, 40 per cent; leukocytes, 86,000; lymphoblasts, 92 per cent; lymphocytes, 
4 per cent; neutrophil leukocytes, 3 per cent; nucleated red blood corpuscles, 0; 
basophils, eosinophils, mononuclears, 0, and platelets, 120,000. 

The nucleus of the lymphoblast was trabeculated and moderately dense. The 
cytoplasm was ample and_ slightly basophil, with many azurophil granules. 
The oxydase reaction was negative. The red blood corpuscles showed slight anis 
cytosis. 

Diagnosis—The case was diagnosed as acute termination of a chronic lymphatic 
leukemia. 

Course.—In the succeeding five days, the patient became moribund, the tem- 
perature rose to 101 F., rales developed in the bases of the lungs and he died on 
Feb. 26, 1930. 

Postmortem E.xamination.—The body was that of a white man. The skin was 
grayish white. The left cheek and both eyelids were markedly swollen, and there 
was marked ecchymosis of the left eye. From the left ear there was a discharge 
with a foul odor. The lips were pale, most of the teeth were absent, and the 
gums were swollen, dirty gray and in places covered by foul-smelling, soft, 
brownish membranes. 


The right posterior cervical glands were shotlike. The anterior cervical glands 


formed huge masses under the lower jaw. Enlarged glands were present in the 


left axilla and in the groins. The abdomen was slightly distended. 

The thoracic cavity revealed circumscribed adhesions about the lateral 
posterior aspects of the right lung. The lungs were distended, the upper | 
crepitant and the lower lobes subcrepitant. The pleurae were purplish gray. The 
cut surface was purplish gray and moderately moist. The lymph glands at the 
hilus measured as much as 10 mm.; at the bifurcation, as much as 20 mm. They 
were firm and mottled gray. 

The heart weighed 345 Gm. The myocardium was brownish 
The left ventricle was slightly dilated. The aorta was smooth 
vessels were thin-walled. 

The thyroid gland weighed 35 Gm. and was uniform and light brow: 

The stomach was enormously enlarged. The mucosa was much thickened 
thrown up into huge convolutions giving it a brainlike appearance. These c 


volutions were as much as 2 cm. thick and 2 cm. high. They were firm 


covered by smooth, pale mucosa and a small amount of bleod-tinted mucus 
folds marking the pathway of the stomach were well preserved (fig. 1 

In the duodenum, especially adjacent to the pylorus, there were polyp-like, f 
grayish-white masses as much as 10 mm. in diameter and 10 mm. high 

Throughout the entire small intestine there were numerous plaquelike nodular 
masses. These measured, on an average, 55 by 30 mm. in diameter and 10 mm. 
in height. They were moderately tirm and subdivided by deep depressions. They 
varied in color from light yellowish gray to light pink. In the lowermost portion 
of the ileum, these changes were most marked. Here there were huge, polyplike 
plaques measuring 6 by 4 by 1.6 cm. Their free surfaces were ulcerated: o 
were hemorrhagic (fig. 2). 

The appendix was 8 em. long and 15 mm. thick. It was firm 
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Fig. 1.—Stomach opened along greater curvature, showing diffuse infiltration 
with enormous enlargement and “brainlike” rugae. 
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The mucosa of the large intestine was light gray. Throughout the entire 


length of the intestine were numerous firm, grayish-white nodules, averaging 


3 mm. in diameter. 

The mesenteric lymph glands of the radix were matted together into a solid, 
lobulated mass, 13 by 9 by 6 cm. On cut surface, the outline of the single glands 
was indistinct. The color was grayish white mottled with purplish red. A milky 
fluid could be removed. The large mass was surrounded by numerous smaller 
glands from 10 to 55 mm. in diameter. The glands were medullary and varied 


in color from light pinkish gray to yellowish gray (lig. 2). 


Fig. 2.—Ileum with mesentery showing polypoid infiltrations (P) and huge 
poly} 


mesenteric lymph glands (./). 


The suprarenal glands weighed 11 Gm. The cortex was 1 mm. wide and pale 


gray-brown with light yellow areas. 
The spleen weighed 2,865 Gm. and measured 30 by 22 by 8 cm. At the hilus, 
It was moderately firm 


a spherical aberrant spleen measured 4 cm. in diameter. 
The surface was mottled deep purplish gray and purple-pink, and on the upper 
one third of the convex surface there were whitish areas as large as 5 by 4 mm., 
arranged in groups about a purple-gray, firmer area. The cut surface was 
purplish red. The pulp everted slightly. There were numerous indistinct grayish- 


white areas from pinpoint size to 1 mm. in diameter. The firm area, extending 
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for 2.5 cm. into the parenchyma, was sharply separated and light pink-gray. The 
aberrant spleen was light purplish pink with numerous light gray nodules. The 
Iyvmph glands at the hilus measured 30 by 15 by 6 mm., and were firm and light 
gray or purplish gray. 

The liver weighed 3,610 Gm. and measured 37 by 26 by 11 cm. The surface 
was smooth and purplish brown with small purplish-red patches and light-brown 
and grayish-white lines and patches. The cut surface was light purplish brown 
with numerous whitish areas and lines as much as 2 mm. in diameter. The peri- 


portal septums were prominent. 


Fig. 3—Section through polypoid mass in ileum, showing the lymphocytes (L) 
and reticulum cells (A) composing the infiltration; hematoxylin and eosin stain; 
oil immersion lens; & 1,200. 


The gallbladder was filled by thin, light yellow-brown bile. The lymph glands 
at the hilus measured as much as 20 mm, in diameter and were firm and light 
gray-brown. 

The pancreas weighed 73 Gm. It was firm, light gray-brown and lobulated. 
Che peripancreatic lymph glands measured as much as 40 by 20 by 15 mm., and 
were moderately firm and light gray-white with pinpoint-sized whitish areas. 


Microscopic Examination.—In a Peyer's patch in the intestine, the huge plaques 


sull retained their composition of single nodes which were separated by strands 
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of connective tissue. These strands were often loosely infiltrated by cells of the 
same type as those of which the nodes were composed. The nodes still showed 
a differentiation into lighter and darker stained areas. The darker stained areas 
were composed of round cells slightly larger than lymphocytes, each with a round 
nucleus rich in fine chromatin granules. There were no distinct nucleoli. The 
nucleus was surrounded by a narrow rim of cytoplasm (fig. 3). Between these 
cells were found single elements, each with an ample, lightly stained cytoplasm 
and a vesicular nucleus. These follicle-like areas were separated by anastomosing 


strands, which, in addition to the round cells, contained a large number of the 


Fig. 4—Lower magnification of the tissue pictured in figure 3, showing restric- 
tion of the infiltration to the submucosa, the muscularis mucosa (mm) being 
intact; hematoxylin and eosin stain; & 80. 


pale-stained cells, a number of which were filled by dark brown pigment granules. 
In these strands, the capillary vessels and reticulum were more prominent than in 
the dark areas. The entire structure was well circumscribed and located in the 
submucosa (fig. 4). The strands of the dark-nucleated round cells extended 
between the muscle fibers of the muscularis propria to become slightly more 
abundant in the zone between the two layers. The subserosa appeared loosened 
and contained a few small accumulations of the same type of cells. The extension 
into the periphery was much more marked on the internal surface of the node, 
where in many places the muscle fibers of the muscularis mucosa were widely 
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separated, and the basal portions of the glands were embedded in dense accumula- 
tions of the round cells. The lining epithelium of the glands was well preserved, 
and there was an increased number of goblet cells. The capillaries were dilated 
and contained a varied number of the cells of which the nodes were composed. 

In the plaque in the upper jejunum, the picture almost exactly paralleled that 
described in the preceding paragraph, except that the nodules were smaller. The 
lighter areas were absent, the strands between the nodes much broader and the 
muscularis mucosa and muscularis propria intact. 


Fig. 5.—Section through the top of a single ruga of the stomach, showing the 
infiltration of the mucosa and submucosa; the composition of distinct nodes (\ ) 
is still apparent; hematoxylin and eosin stain; 15. 


A section through a single ruga of the stomach revealed that the submucosa 
and the mucosa formed a convolution which was enormously thickened by the 
presence of huge nodes similar to those described in the Peyer's patch (fig. 5). 
Running through the center of the fold was a thin strand of dense connective 


tissue loosely infiltrated by the cells of which the nodes were composed. Between 


the nodes, the strands of connective tissue were similarly infiltrated. The division 
of the nodes into a darker, narrower periphery and a broad, lighter center was 
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much more distinct than in the Peyer's patch. The component cells were the same, 
except that the larger cells with ample cytoplasm and vesicular nuclet were much 
more abundant. The muscularis mucosa was practically absent, and the glands 
were narrow, thin and far apart. In an occasional area, the glands penetrated 
deep into the submucosa, forming a narrow wedge. However, even here there 
was much interglandular infiltration. The parietal cells were abundant in such 
areas. In the shallower glands, which probably represented only the foveolae, the 
cells alone were present. 

The infiltration extended between the layers of the muscularis propria and into 
the subserosa. The blood vessels were filled with the small darkly nucleated cells. 

The tumor of the mesenteric lymph gland was composed of dark-nucleated 
round cells of the size of lymphocytes, or slightly larger. Between these cells 
were found a few large, irregularly shaped cells with vesicular nuclei. There 
were areas in which cells of the latter type were more numerous and showed in 
the cytoplasm a great many dark, round, coarse chromatin granules. The separa 
tion into follicle-like areas was still visible, but less marked than in the Peyer's 
plaque of the intestine. Mitotic figures could not be found. There was a great 
uniformity in the shape and structure of the nuclei. The adventitia of the 
superior mesenteric artery was densely infiltrated by the round cells. The infiltra 
tion stopped abruptly at the muscularis. 

In the axillary lymph glands, the difference between cortex and medulla was 
obscured, but the separation between follicles and interfollicular tissue could still 
be recognized. The cells were of the type of the small lymphocyte or slightly 
larger and scattered between them was a varied number of pigment-tilled cells. 
The capsule, though still visible, was infiltrated by lymphoid cells, and the infiltra 
tions also seemed to continue into the periglandular tissue, but the latter changes 
were rather insignificant, so that the gland still appeared as a well defined unit 

The inguinal lymph node resembled the axillary lymph nodes; the capsular 
infiltration was marked. There were areas that were uniformly composed of 
dark-nucleated round cells and did not show the differentiation into follicles and 
interfollicular tissue. 

The submaxillary gland contained large accumulations of dark-nucleated round 
cells, which were arranged about the larger ducts and blood vessels and which 
separated the lobules; following the ducts, they extended into the lobules. Even 
the small ducts were occasionally found surrounded by a heavy coat of round 
cells. These cells, however, did not extend into the epithelial lining of the duets, 
which were perfectly preserved. Thin strands of cells were found closely adja 
cent to the basement membrane of the glandular tubuli, but did not penetrate it 
The glandular structure otherwise was unchanged, and mucinous and albuminous 
glands were found in the different morphologic stages of secretory activity. The 
gland was surrounded by much loose fibrillar connective tissue which contained 
numerous small and larger accumulations of lymphoid round cells. This tissue 
gradually passed into the capsule of the lymph glands, the structure of which was 
somewhat obscured by an enormous hyperplasia of the lymphatic elements. 

In the spleen, the follicles were not sharply separated from the pulp. The 
cords were composed chiefly of cells of the same type as those that formed the 
follicles. A certain differentiation into follicles and pulp resulted from the marked 


blood content of the latter. The sinuses were wide, the endothelium was flat, 


and the lumen was filled by erythrocytes and many lymphoid cells. The capsule 
was thin. The trabeculae, too, were thin and scanty and were not invaded by 
the round cells. In the sheaths of the larger blood vessels were many cells that 
were filled by dark brown pigment. 
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In the liver, the periportal tissue was so densely infiltrated by dark-nucleated 
round cells that the portal septums looked like lymph follicles. The bile ducts were 
embedded in these cells, but were well preserved, as were the branches of the 
lie patic artery, while the branches of the portal vein were compressed and obscured. 
from the acini, the cellular infiltrations were sharply separated, and only in a few 
places was there an extension into the portal capillaries. The portal capillaries 
throughout the acini were dilated and, in addition to erythrocytes, contained a great 
many dark-nucleated round cells. The Kupffer cells were swollen, and many of 
them contained brown pigment granules. Pigmented cells also were present in the 
portal septums. The outer coats of the sublobular veins also were infiltrated by 
the round cells, and in places these infiltrations involved the entire wall, projecting 
into the lumen in the form of small nodules. 

The kidney showed numerous dense perivascular accumulations of dark- 
nucleated round cells throughout the cortex and at the corticomedullary border. 
These infiltrations extended between the adjacent tubuli and surrounded the adja- 
cent glomeruli, which, however, were not invaded. The capsule was much thick- 
ened and was uniformly infiltrated by the small round cells. There was a slight 
swelling of the epithelium of the convoluted tubuli, with a moderate capillary 
hyperemia. 

The bone-marrow was very cellular. The predominating type of cells was 
round with a scanty cytoplasm and a round nucleus rich in chromatin. The latter 
formed granules of varying size. 


The majority of these cells were larger than 
lymphocytes. 


Between these cells were found single elements with a more abun- 
dant cytoplasm and lighter-stained nuclei and cells with a coarse, oxyphil granu- 
lation. There were a few small groups of polymorphonuclear leukocytes and 
single megakarocytes with pale-stained and indistinct nuclei. Nucleated red cells 
were scanty. The fat cells between these cellular accumulations contained a net- 
work of delicate fibrils. The reticulum cells were swollen. 

The small bronchi were dilated and filled by dense clumps of cells, polymorpho- 
nuclear leukocytes by far predominating. There were only a few dark-nucleated 
round cells. In the walls of the bronchi, there were nodular, circumscribed 
accumulations of dark-nucleated lymphoid round cells. The 
laries were dilated and filled by blood and lymphoid round cells. In the alveolar 
spaces were mononuclear cells with coal dust, a varying number of polymorphonu- 
clear leukocytes and a few lymphocytes. 
throcytes. 


alveolar capil- 


Groups of alveoli were filled by ery- 
Anatomic Diagnosis.—The diagnosis was: chronic lymphatic leukemia with 
acute termination; extensive lymphatic infiltrations of the stomach and intestines ; 
huge leukemic tumor of the spleen with anemic infarct; leukemic infiltration of 
the liver, kidneys and submaxillary glands; enormous hyperplasia of the mesenteric 
lymph glands; hyperplasia of the axillary, inguinal, left submaxillary, periaortic, 
peribiliary, peripancreatic and perigastric lymph glands; parenchymatous degenera- 
tion of the myocardium and dilatation of the left cardiac chamber; anemia and 
edema of the brain; chronic otitis media of the left side; gangrenous stomatitis ; 
partial fibrous obliteration of the right pleural cavity; passive hyperemia and 
edema of the lungs and purulent bronchitis: slight sclerosis of the 


coronary 
arteries, and lymphoid bone-marrow. 


COMMENT 


In brief, the case described was that of chronic lymphatic leukemia 


terminating acutely. The pathologic observations were remarkable 
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because of the extensive involvement of the gastro-intestinal tract. 
The stomach was enormously enlarged with huge convolutions on the 
inner surface, giving it a brainlike appearance. The small and large 
intestines were beset with huge plaques and polyp-like masses. The 
microscopic examination of the stomach revealed an infiltration of the 
mucosa and submucosa by confluent lymphoid nodules. The intestinal 
changes were restricted to submucosal infiltrations composed of similar 
nodules. Slight regressive processes in the form of superticial ulcera 
tions and hemorrhages were present. The spleen was unusually large 
for lymphatic leukemia. 

In leukemia there exists no proportion between the symptoms 
arising from the gastro-intestinal tract and the pathologic changes 
therein. Most extensive changes may be symptomless. General factors, 
such as anemia and cachexia, may produce far more gastro-intestinal 
complaints than the most advanced leukemic involvement. 


Distribution of Lesions in the Gastro-Intestinal Tract in Fourteen Cases of 
Various Leukemias 


Profuse Diphtheritie 
Type of Leukemia Petechiae Hemorrhage Colitis No Change Leukemie Infiltration 
10 acute myelogenous..... 4 1 1 2 ? cases: (1) appendix 
(2) Peyer's patehes 


chronic myelogenous... . 1 

2 chronie lymphatie leu 1 Brainlike stomach with 
kemia polyps in intestine 

1 acute lymphatice.. .. 1 


The anatomic changes in the stomach and intestines may be divided 
into nonspecific and specific. The nonspecific changes are part of the 
hemorrhagic diathesis which accompanies the acute disease and which 
develops terminally in the chronic. The specific changes result from 
leukemic infiltration. 

The nonspecific changes consist primarily of hemorrhages. These 
may take place into an unchanged segment or one leukemically affected 
(Singer *). 

In fourteen cases of various leukemias, nine showed the etfects of 
hemorrhages, but were free from infiltration (table). 

The hemorrhages may be slight or severe. In a case of acute 
myelogenous leukemia in a child of 6 years, the onset was sudden, with 
chill, fever, bloody diarrhea, profuse hematemesis and purpura. Post 
mortem, the gastro-intestinal tract was filled by blood. There were, 
however, no specific leukemic changes. 


2. Singer, G., in Kraus, F., and Brugsch, T.: Spezielle Pathologie und Thera 
pie innerer Krankheiten, Vienna, Urban & Schwarzenberg, 1922, vol. 6, pp. 1 
and 774, 
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Severe hemorrhages rarely result from the opening of a blood 
vessel by the secondary ulceration of a leukemia infiltrate. Ejichhorst 
described a fatal hemorrhage due to such a process opening into a 
vastric vein. 

Secondary changes soon follow the hemorrhages. The devitalized 
tissues are invaded by bacteria. Ulcerations and sloughs result which 
may be circumscribed or extensive, baring the submucosa over large 
areas. The latter cases closely resemble dysentery or uremia ( Jaffé *). 
Two of my patients with leukemia showed a diffuse pseudomembranous 
colitis and proctitis. One (with acute myelogenous leukemia), how- 
ever, had received arsphenamine three weeks prior, and the other ( with 
chronic myelogenous leukemia) had received extensive roentgen therapy, 
factors both of which may have contributed to the condition of the 
colon. 

Hemorrhagic and ulcerative changes may complicate specifically 
affected parts. These secondary changes may be due to a variety of 
causes, such as circulatory disturbances in polypoid infiltrations or 
resulting from capillary compression by dense infiltration, inadequate 
reaction of the infiltrated tissues to trauma, bacteria or hemorrhagic 
diathesis. Such ulcerative processes may be restricted to the Peyer's 
patches and be indistinguishable from typhoid ulcerations. Even the 


clinical picture in such cases may exactly simulate typhoid ( Dennig.' 


Herxheimer*). In the past. much confusion arose, and some authors 
thought of combinations of the two diseases ( Voswinkel and Dunzelt *). 
The deep extension of ulcerations has occasionally resulted in local and 


ditfuse peritonitis (Hansemann,* Pal *). 

The specific changes in the gastro-intestinal tract have been exten- 
sively reviewed by Hoffmann,’® Herxheimer,” Schultze and Singer.* 
Much variation exists with reference to the extent, location and type 


of involvement. The entire gastro-intestinal tract from cardia 


3. Eichhorst, H Ueber acute Leukamie, Virchows Arch. f. path. Anat. 130: 
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to rectum may be infiltrated or only a single subdivision, as the 
appendix. Infiltration of the latter alone occurred in one of my cases 
of acute myelogenous leukemia (see following paragraphs and _ the 
table), and a similar observation was reported by Lehndorf.’* The 
infiltrations may restrict themselves to the Peyer's patches, to the 
lymphoid follicles or to the nonlymphoid tissue between them. In addi- 
tion to focal or nodular, diffuse infiltrations may occur, so that the organ 
becomes reproduced on a much exaggerated scale. Any portion of the 
gastro-intestinal tract may be thus affected (stomach, stomach and 
intestines [Biggs and Elliot **], colon | Barnick **] ). 

Che depth of infiltration varies from one to all layers of the intes- 
tinal wall (Mullern and Grossmann 

The various types of leukemia affect the gastro-intestinal tract 
differently. In myelogenous leukemia, the changes are usually not 
extensive. Naegeli *® denied having ever seen any myeloid changes in 
the intestine. Mullern and Grossmann,'* Schultze and Herxheimer 
described infiltrations of the ileum and colon which were located between 
the lymphoid structures of the intestine. Hoffmann,’” in addition, 
described submucosal and mucosal myeloid infiltration of the stomach 
without involvement of the lymphoid follicles. Kahn ‘* studied a case 
of acute myelogenous leukemia in which a myeloid nodule was found 
in the stomach and smaller nodules in the ileocecal region and rectum. 
Despite the extensive myeloid transformation of the lymphoid struc- 
tures throughout the body, those of the intestine were not invaded and 
were even hyperplastic. 

In eight of my ten cases of myelogenous leukemia (nine acute and 
one chronic ending acutely), specific changes ‘were absent. -In the ninth 
case, the appendix was 9 em. long, with a wall 5 mm. thick. Micro- 
scopic examination revealed a diffuse infiltration of the entire wall by 
large round cells each with a round or oval nucleus and a granular 
chromatin net with one or two small nucleoli. Their cytoplasm was 
narrow and basophil and contained a fine, dustlike oxydase granulation. 
Other cells contained a coarse oxyphil granulation. In the tenth case, 


12. Lehndorf, H.: Ueber Lymphocytenleukamie im Kindesalter, Wien. med 
Wehnschr. 56:311, 1906. 

13. Biggs, A. O., and Elliot, A. R.: Pseudoleukemia Gastro-Intestinalis 
J. A. M. A. 83:178 (July 19) 1924. 

14. Barnick, O.: Veradnderungen im Kehlkopf und in der Trachea bei Leu- 
kamie, Mtinchen. med. Wehnschr. 45:589, 1868 

15. Miillern, K. V., and Grossmann, B.: Beitrage zur Kenntnis der primar 
Erkrankungen der haimatopoetischen Organe, Beitr. z. path. Anat. u. z. allg. Path. 
52:276, 1912. 

16. Naegeli, O.: Die Leukamien, Blutkrankheiten und Blutdiagnostik, Berlin, 
Julius Springer, 1923, pp. 370-441. 

17. Kahn, F., cited by Singer (footnote 2). 
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the Peyer's patches were prominent, measuring + by 2 cm. in diameter 
and 3 mm. in height, and were superficially ulcerated. They were com- 
posed of large round cells with an ample cytoplasm that contained a 
tine granulation. The nuclei were round, oval or slightly indented, with 
tine chromatin granules. There were also small groups of huge myelo- 
blasts. Scattered between these cells but more numerous at the 
periphery of the plaques were small lymphocytes. Polymorphonuclear 
leukocytes and eosinophil granulocytes were scanty. The plaques were 
surrounded by recent extravasations of blood, and the superficial layers 
were completely necrotic. Outside the plaques, the submucosa con- 
tained focal accumulations of the large round granulated cells, loosely 
scattered plasma cells, leukocytes and lymphocytes and many histiocytes. 
Small perivascular groups of granulated cells were seen in the subserosa. 
From my own cases and others it may therefore be said that specific 
gastro-intestinal changes in myelogenous leukemia are not extensive. 
The same may hold true of the aleukemic myeloses. 
In the lymphatic leukemias, however, the condition is different. 
Most extensive gastro-intestinal changes have been described in 
pseudoleukemia. Wells and Maver ** in 1904 reviewed 238 such cases, 
in 8 of which they found the stomach and intestines so transformed as 
to entitle the conditions to characterization as a distinct pathologic 
syndrome with the distinctive name of pseudoleukemia gastro-intestin- 
alis. In 5 of these cases, the stomach was diffusely infiltrated, vastly 
enlarged and showed an inner lining thrown up in “immense loose sinous 
folds like cerebral convolutions.” The small and large intestines showed 
both diffuse and circumscribed nodular or polypoid infiltrations. 
Symmers *® in 1909 brought the number of such cases to eleven and 
recently Biggs and Elliot ** collected thirteen cases, to which they added 
one of their own showing diffuse infiltration of the entire tract from 
cardia to rectum. The latter authors also contributed the only roentgen 
study ever reported, in which such a “brainlike’” stomach was revealed 
as a small, immobile stomach of irregular outline but with a perfect bulb. 
Analysis of the fourteen cases reveals that much confusion exists. 
Not all of the cases are of the same character. Some are leukemias 
and some are Hodgkin's lymphogranuloma, but all are called pseudo- 
leukemia. Originally, Cohnheim *° characterized as pseudoleukemia 
pathologic syndromes identical with leukemia but without the blood 
picture, what is now called aleukemic leukemia. But subsequent authors 


18. Wells, H. G.. and Maver, M. B.: Pseudo-leukemia Gastro-intestinalis, 
Am. J. M. Sc. 182:837, 1604. 

19. Svymmers, D.: Certain Unusual Lesions of the Lymphatic Apparatus, Arch. 
Int. Med. 4:218 (Sept.) 1°09. 

20. Cohnheim: Ein Fall von Pseudoleukamia, Virchows Arch. f. path. Anat. 
33:451, 1865. 
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have applied the term to widely ditferent diseases, as Hodgkin’s lympho- 
eranuloma, aleukemic leukemia, Banti’s disease, tuberculosis, ete. Much 
confusion has thus arisen. Thus Wells and Maver ** named their own 
case and the seven that they gathered from the literature pseudoleukemia 
gastro-intestinalis, and meant thereby Hodgkin's lymphogranuloma. 
In their series there were undoubtedly such cases, including their own. 
Sut the remainder were indisputably examples of aleukemic lymph- 
adenosis (cases of Carrington,** Schlesinger *! and Stoerck *'). 

Symmers, on the other hand, although he retained the name pseudo- 
leukemia gastro-intestinalis, considered his and Wells and Maver’s '* 
cases as aleukemic leukemia in the original sense of Cohnheim.*° Sub- 
sequent authors followed Symmers (Ewing,?? Biggs and Elhot**). 

It would avail little to go extensively into the question. That both 
are right there can be no doubt. Diffuse and polypoid infiltrations in 
the stomach and intestines can occur in both lymphogranuloma and 
aleukemic lymphadenosis. Symmer’s'® case is indisputably the latter 
and Wells and Maver’s** the former. <A typical brainlike stomach in 
Hodgkin’s disease was contributed by Scott and Forman ** among 
others. 

When in 1918 Symmers ** again reviewed the subject, he stated that 
in nineteen cases of chronic lymphatic leukemia he had found no gastro- 
intestinal infiltrations. From the extensive infiltrations that he had 
found in pseudoleukemia (aleukemic lymphadenosis) he concluded that 
lymphatic leukemia and pseudoleukemia are vastly dissimilar diseases 
and advised classifying the latter with the sarcomas. My case is there- 
fore of much significance, since there can be no question of its 
nonsarcomatous nature. Gastro-intestinal infiltrations in chloroma 
( Lehndorff **) and lymphosarcoma (Kundrat **) are known. But in my 
case there were to be noted: absence of cellular anaplasia, absence of 
mitotic figures and restriction of the growth to the capsules of the gland 
and to natural boundaries. There was no interglandular infiltration. 
From all points of view, the case is one of chronic lymphatic leukemia of 
the ordinary type. Therefore, the complete correspondence of the 
cases of pseudoleukemia gastro-intestinalis with my case of leukemia 


21. Cited by Symmers (footnote 19). 

J.: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders Com 
pany, 1928, pp. 410-411. 

23. Scott, E., and Forman, J.: Lymphoblastoma of the Gastro-Intestinal Tract 
with Report of a Case of Hodgkin's Disease of the Stomach, Ohio State M. J 
12:323, 1916. 

24. Symmers, D.: Relationship of the Toxic Lymphoid Hyperplasias 
ymphosarcoma and Allied Diseases, Arch. Int. Med. 21:237 (Feb.) 1918. 
25. Lehndorff, H.: Chlorom, Ergebn. d. inn. Med. u. Kinderh. 6:221, 1910 


26. Kundrat, cited by Singer (footnote 2, p. 791). 
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astro-intestinalis in both the gross and the microscopic features estab- 
lishes beyond doubt the identity of the two diseases. Jaffé *7 in 1927 
pointed out the relationship of the aleukemic to the leukocythemic leu- 
kemias and expressed himself as dissatisfied with prevalent theories 
concerning the quantitatively and qualitatively negative blood pictures 
in aleukemic leukemia. Lack of chemotactic stimulant, loss of the 
vascular connections of atypical blood-forming tissues, destruction of 
the abnormal cells in the blood stream are all insufficient, as King ** 
had already described spontaneous aleukocythemic phases in chronic 
nyelogenous leukemia ( Jaffé **). 

That none of the existing prevalent opinions concerning the cause 
of aleukocythemia in leukemia are satisiactory is most strikingly shown 
by my last case which commenced as an aleukemic lymphadenosis and 
terminated as an acute lymphoblastic leukemia. 

1 the Cook County Hospital on Nov. 26, 1929. 
increasing bilateral swelling of the neck. This had 
re following a tonsillectomy. It made a diffi- 


ct revealed, essentially, generalized lymph 
fu of numerous blood slides gave naaeibee e€ A 
psy yielded the diagn ay aleukemic lymphadenosis, in view of the negatis 
results of examination of the bl aa 


eived X-ray treatment, improved anc home on Dec. 2 
afterward (on Feb. 17, 1930), he returnec 
id bleeding from the nose. 
Reexamination substantiated the previous observations, except that the blood 
w showed a red blood cell count of 1,500,000, a hemoglobin content of 40 per 


and a w ars blood count of 53,000, which on differential study was composed 


with the complamt 


ot 79 per cer i blasts, 16 per cent lymphocytes and 5 per c 
The diagnosis of acute lymphoblastic leukemia was made, which was substa 


We have, then, here in one case aleukemic and leukocythemic 
phases of the one disease—lymphatic leukemia. In the words of 
Marchand,”* “the essential changes in leukemia are the anatomical and 
not the 

Although nodular and polypoid infiltrations are described as occur- 
ring in the intestine and stomach in lymphatic leukemia ( Marcha 
I have not been able to find in the literature a case similar to my own 
other than those described as pseudoleukemia gastro-intestinalis. This 
makes the condition rare. 

Clinical symptoms in gastro-intesti 


may consist of diarrhea, enterorrhagia and abdominal pain. In 


| leukemia may be absent or 


Arch. Path. 3:56 (Jan.) 1927. 
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two cases with polypoid infiltration in the ileum, intussusception occurred 
( Hoffmann,*® Celler **). Perforation peritonitis has been mentioned 
in a foregoing paragraph. 

SUMMARY 

1. Fourteen cases of leukemia, eleven myelogenous and_ three 
lymphatic, were studied with reference to the gastro-intestinal involve- 
ment. 

2. Nonspecific changes were found in nine cases of acute myelo- 
genous leukemia, consisting of hemorrhages, ulceration and secondary 
inflammatory processes. In two cases (acute myelogenous leukemia ) 
there were no changes. 

3. Specific changes were found in two cases of acute myelosis, con 
sisting of an infiltration of the appendix and an infiltration of Pever’s 
patches, respectively. 

4. Specific changes were found in one case of chronic lymphatic 
leukemia. The stomach was enormously enlarged, with huge convolu- 
tions on the inner surface, giving it a brainlike appearance, and the 
intestines were beset with plaques and polyp-like infiltrations. 

5. In reviewing the literature, another such case was not discovered. 
The case was found, however, to parallel exactly those described as 
aleukemic lymphadenosis or pseudoleukemic gastro-intestinalis. 

6. From these facts it is concluded that the aleukemic and leuko- 
cythemic leukemias are fundamentally identical. 

7. In further support of this conclusion a last case is described in 
which an aleukemic lymphadenosis terminated as an acute leukoeythemic 
lymphadenosis. 

8. The symptoms in leukemia gastro-intestinalis are briefly discussed, 
and their importance is emphasized. 

30. Hoffmann, M.: Ueber klinische Erscheinungen bei Gastro-intestinale Pseu- 
doleukamie, Arch. f. klin. Chir. 82:794, 1907. 


A CRITIQUE OF PRESENT METHODS FOR THE STUDY 
OF GASTRIC ACIDITY * 


MILTON J. MATZNER, M.D. 


AND 
IRVING GRAY, M.D. 
BROOKLYN 


The problem of gastric acidity has interested us for some time. An 
analysis of the different methods for studying gastric acidity reveals 
certain disadvantages and inaccuracies. Our attention has been par- 
ticularly focused on the problem because oi the conflicting observations 
in patients with partial gastrectomies. In these patients, the factor of 
regurgitation of alkaline intestinal secretions is an important consid- 
eration, 

DIRECT METHODS 


We feel that the stimulation of gastric secretion by the ordinary 
test meals in use (gruels, crackers, water, etc.) is uncertain and variable. 
Psychic elements, such as appetite or distaste for food, speed of eating 
and quantity of saliva are factors that make accurate results difficult. 
Babkin* recently emphasized the influence of the secretion of mucus 
on gastric acidity. Furthermore, the ingestion of a meal does not 
always afford a maximum stimulus, as is noted in those patients who 
appear to have anacidity, but who subsequently secrete hydrochloric 
acid freely after a more powerful stimulus, such as that given by hista- 
mine. The buffer substances in the various test meals may combine 
with significant amounts of free hydrochloric acid. The regurgitation 
of alkaline intestinal secretion may be sufficient to neutralize small 
amounts of free acid in patients with hypo-acidity, and a fallacious 
diagnosis of achlorhydria may thus be made. The frequent use of several 
glasses of fluid with the routine test meal introduces the factor of 
dilution. 

The use of neutral red has been investigated by Finkelstein,* Piersol, 
Bockus and Banks,* Winkelstein and Marcus * and others. It has been 
affirmed that the failure of neutral red to be excreted into the stomach 
within two hours after intramuscular injection invariably means true 


* Submitted for publication, June 23, 1930. 
*From the Gastro-Intestinal Department, Jewish Hospital. 
1. Babkin, B. P.: Am. J. Surg. 7:498 (Oct.) 1929. 
2. Finkelstein, R.: Arch. f. Verdauungskr. 30:299, 1923. 
3. Piersol, G.; Bockus, H., and Banks, J.: Tr. A. Am. Physicians 40:413, 
1925. 
4. Winkelstein, A., and Marcus, J.: Excretion of Neutral Red in Stomach in 
Achylia Gastrica, J. A. M. A. 92:1238 (April 13) 1929. 
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achlorhydria. The presence of neutral red in the gastric contents 
means that the stomach is capable of secreting free hydrochloric acid. 

Piersol, Bockus and Banks * have shown experimentally that neutral 
red is eliminated in the gastro-intestinal tract not only by the stomach, 
but also by the whole of the small bowel to the ileocecal junction, as 
well as in the bile and in the urine. The finding of neutral red in the 
extracted gastric specimen must therefore be guardedly interpreted, 
especially since in our experience significant amounts of bile have been 
found in the gastric extractions of patients with partial gastrectomies. 
The possibility of neutral red being regurgitated with duodenal contents 
into the stomach must always be considered. 

Medes and Wright,® in their studies of duodenal regurgitation, 
showed that regurgitation of duodenal contents into the fasting stomach 
occurs with great frequency. The regurgitated materials may include 
bile, pancreatic juice (trypsin) and secretion of the duodenal mucosa 
(sucrase). They have shown that these may occur together or any one 
independently. Bile is regurgitated rarely without trypsin, trypsin 
much more frequently without bile. Since the possibility of duodenal 
regurgitation is frequent because of the patency of the pylorus in cases 
of subacidity and anacidity, the presence of neutral red in the absence 
of bile is significant only if the absence of tryptic ferment has been 
established. In brief, the possibility of an extragastric origin of neutral 
red in the aspirated specimen has to be eliminated to make this test 
reliable. 

The estimation of the inorganic chlorides of extracted gastric speci- 
mens has been advocated as a more reliable index of gastric acidity. 
Bolton and Goodhart? and Hayem and Winters* affirmed that by 
ascertaining simultaneously the variations in acidity and sodium chloride 
of the extracted specimens, during digestion, the effect of intestinal 
regurgitation on the gastric acid should be definitely seen: When the 
amount of acid remained high for some time, the sodium chloride 
remained low; when the sodium chloride was high, the acid was com- 
paratively low. From these observations it appeared obvious that the 
concentration of acid in the stomach does not necessarily afford any 
indication as to whether an excessive or a diminished secretion is pres- 
ent. In short, the curve of acidity does not necessarily indicate the 
secretory activity of the stomach; the only real measure of the amount 


5. Piersol, G.; Bockus, H., and Banks, J.: Am. J. M. Sc. 170:405 (Sept.) 
1925. 

6. Medes, G., and Wright, C. B.: J. Clin. Investigation 6:403 (Dec.) 1928. 

7. Bolton, C., and Goodhart, G. W.: Lancet 1:420 (March 4) 1622. 

8. Hayem and Winters, quoted by Rehfus: Diagnosis and Treatment of Dis- 
eases of the Stomach, Philadelphia, W. B. Saunders Company, 1927. 
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of gastric acid produced is the curve of total chlorides, for this includes 
the hydrochloric acid present as such, as well as the fraction of hydro- 
chloric acid that has been changed into inorganic chloride. 

Gorham, Stroud and Huffman ® carried out a comparative study of 
the total chloride concentration in a series of cases presenting both nor- 
mal and abnormal conditions. These authors concluded that estimations 
of total chlorides in gastric contents are not necessarily a volumetric 
index to the production of hydrochloric acid by the gastric glands. 
During their investigation it was found that the chloride concentration 
of the duodenal contents obtained by means of the tube and of the bile 
taken from the common duct and of the gallbladder at operation was 
as high or higher than that of the contents of the stomach. Therefore, 
the regurgitation of the intestinal fluids into the stomach is in some 
instances an important factor in determining the height of the chloride 
level in the gastric contents. An appreciable error would therefore be 
introduced if chloride estimations should serve as an index of gastric 
acidity, particularly in cases in which intestinal regurgitation is fre- 
quently marked, as in patients with partial gastrectomies. The technical 
difficulties of such determinations for routine clinical analysis is 
apparent. 

Histamine has been recognized as the most reliable gastric stimulant 
for hydrochloric acid by numerous workers, particularly Gompertz and 
Vorhaus*° and Andresen."' The histamine test for gastric secretion 
more recently discussed by Bloomfield and Polland ** embodies not only 


a study of the degree of acidity, but also the volumetric estimations of 


gastric secretions. We feel that the volumetric estimation of gastric 
secretions as advocated in their method is always endangered by the 
possibility of duodenal regurgitation. That this is not infrequent has 
been shown in the work of Medes and Wright.® Since we have fre- 
quently found bile present in the gastric extractions from patients with 
partial or subtotal gastrectomies, whom we are especially interested in 
studying, we consider the volumetric estimations by the method of 
Bloomfield and Polland to be unpractical. 

In brief, our survey of the various direct tests for estimating gastric 
acidity showed certain disadvantages and not entirely controllable fac- 
tors. We therefore considered employing one of the indirect methods 
advocated by previous investigators. 


9. Gorham, F.; Stroud, C., and Huffman, M.: Total Chloride Concentration 
and Acidity of Gastric Contents; Comparative Study, Arch. Int. Med. 42:106 
(July) 1928. 

10. Gompertz, L. M., and Vorhaus, M. G.: Lab. & Clin. Med. 14:14 (Oct.) 
1925. 

11. Andresen, A. F. R.: Tr. Am. Gastro-Enterol. A., 1926, p. 53. 

12. Bloomfield, A. L., and Polland, W. S.: Diagnostic Value of Studies of 
Secretion, J. A. M. A. 92:1508 (May 4) 1929, 
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INDIRECT METHOD 
Kauders and Porges '* and Lewin ** described an indirect test for 
gastric acidity based on the determination of the carbon dioxide tension 
of the expired air. This method was advocated in cases in which 
passage of a gastric tube was not feasible. The alveolar carbon dioxide 
tension expresses changes in the acid base equilibrium, because there 
are relations in the blood between the carbon dioxide, bicarbonate and 
phosphates, on the one hand, and the rest of the buffering substances, 
on the other. The production of acids in the stomach after a test meal 
suddenly deprives the blood of large amounts of chlorine ions. Conse- 
quently, the residual sodium combines with part of the free carbonic 
acid to form bicarbonate which increases the combined alkali. This 
would endanger the neutrality of the blood. In order to maintain the 
neutrality, free carbonic acid is retained so that the ratio of carbon 
dioxide to sodium bicarbonate remains unchanged in value, the numer- 
ator and the denominator being equally increased. In other words, the 
carbon dioxide tension of the expired air is increased when hydrochloric 
acid is excreted into the stomach. In such examinations, certain sources 
of error have to be considered. Even in calm persons, the carbon diox- 
ide tension normally oscillates. Even during sleep there is a definite 
change in tension. Therefore, any activity during the test must be 
avoided. Great care must be taken that the patients breathe correctly 
into the apparatus. These authors found an increase in carbon dioxide 
tension after a meal test in cases of hyperacidity and no such increase 
in cases of anacidity. In brief, they showed that the secretion of 
hydrochloric acid into the stomach plays a principal role in the rise of 
the carbon dioxide tension of the expired air after a test meal. Proof 
of this lies in the fact that there is essentially no such rise in cases of 
anacidity. The unavoidable errors and difficulties in carrying out this 
method make its clinical application impracticable. The important infor- 
mation gained by direct examination of gastric contents is lost in all 
indirect methods of gastric analysis. 


COMBINED METHOD 
Since it has been shown by Hubbard, Munford and Allen ** and by 


saehr,’® Davies 1? and others that persons having relatively normal gas- 


13. Kauders, F., and Porges, O.: Deutsche med. Wehnschr. 47:1415 (Nov 
1921. 

14. Lewin, B.: Deutsche med. Wehnschr. 52:1427 ( Aug.) 1926 

15. Hubbard, R. S.; Munford, S. A., and Allen, F. G.: Am. J. Physiol. 68: 
207, 1924, 
16. Baehr, G.: Bull. New York Acad. Med. 3:419, 1927 
17. Davies, D. T.: Brit. J. Exper. Path. 10:1 (Feb.) 1929 
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tric secretion are prone to have less acid urine after meals, a phenome- 
non commonly referred to as the “alkaline tide,” it occurred to us that 
this principle could be incorporated into a test for gastric secretion. 
These authors have shown the relative fixation of the urinary reaction 
in cases of achlorhydria. 

Ackman '* was particularly interested in studying the relation 
between the gastric acidity and the hydrogen ion concentration of the 
urine after the injection of histamine. He showed that in cases of 
achlorhydria the alkaline tide is for the most part wanting, and that 
when histamine, given subcutaneously to a person with normal or high 
gastric acidity, increases the gastric secretion, it produces a well marked 
alkaline tide. In cases of hypochlorhydria and in certain cases of 
achlorhydria in which the secretion of hydrochloric acid is stimulated 
by histamine, there develops an alkaline tide where formerly there was 
none. In those cases of achlorhydria in which there is no response to 
histamine, the alkaline tide fails to develop, apparently owing to a lack 
of response on the part of the gastric secretion. The absence of any 
change of the hydrogen ion concentration of the urine in these cases 
conclusively rules out the possibility that the reaction in other cases 
might be due to the increased metabolic activity consequent to the injec- 
tion of histamine. He concluded that the foregoing observation offered 
strong evidence in support of the gastric origin of the alkaline tide in 
that in practically all cases a definite relationship between the gastric 
secretion and the hydrogen ion concentration of the urine has been 
demonstrated. 

It occurred to us to employ this principle of the relationship between 
the gastric acidity and the urinary acidity (py) with histamine as a 
stimulant in a clinical gastric secretory test. We believed that regard- 
less of the factors that tend to alter the gastric titration values, the 
simultaneous estimation of the hydrogen ion concentration of the urine 
would furnish better controlled results. We were able to demonstrate 
a definite urinary alkaline tide in only about 50 per cent of our patients 
of histamine. 
It is possible that Ackman obtained a greater percentage of urinary 
alkaline tides after the injection of histamine because his patients 
received breakfast, apparently, prior to the tests. We have therefore 
decided that histamine is not the ideal gastric stimulant for use in 
studies of the urinary alkaline tide. At present, we are experimenting 
with other test meals. We believe that the combined test of a simulta- 
neous analysis of gastric contents and estimation of urinary acidity 
(alkaline tide) will give more controlled results. 


9 


who developed free hydrochloric acid after the injection * 


8 Ackman, F. D.: Canad. M. A. J. 1§:1099, 1925. 


19. This work is to be reported in a subsequent paper. 
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SUMMARY 

1. Various direct and indirect tests for the study of gastric acidity 
are discussed. 

2. Histamine should always be employed as a gastric stimulant in 
cases in which the routine test meal has elicited no response of free 
hydrochloric acid. 

3. A definite urinary alkaline tide was found in about 50 per cent 
of our cases in which free hydrochloric acid was demonstrated after the 
injection of histamine. 

4. The advantages of a test combining analysis of the gastric con- 
tents with estimation of the urinary acidity (alkaline tide) are discussed. 


THE ELECTROCARDIOGRAM IN OBESITY * 


SAMUEL H. PROGER, M.D. 
ATLANTA, GA. 


It is known that the electrocardiogram undergoes certain changes 
when the position of the heart in the chest is altered. Einthoven * demon- 
strated that this change took place when the body was rotated from side 
to side. He showed also that breathing affected the form of the electro- 
cardiogram as it changed the position of the heart, the more transverse 
position at the end of expiration being associated with more of a left 
axis, or a tendency in that direction, while at the end of inspiration the 
axis shifted in the opposite direction. Cohn * demonstrated that there 
is a rather definite relation between the anatomic angle of the heart 
as measured on the roentgenogram and the electrical angle as derived 
from the electrocardiogram. In other words, as the position of the 
heart becomes more transverse, the electrocardiogram shows a gradually 
increasing left axis deviation, and as the position becomes more vertical 
the axis deviation tends to change to the right. 

On the basis of these observations it seems logical that in obese 
people, in whom the diaphragm is usually pushed up so that the heart 
lies in a comparatively transverse position, there would be a tendency 
to the production of left axis deviation as measured by the Q R S wave 
and of associated changes in the T wave. 

In a study of the electrocardiogram of ninety-seven obese people, 
Master and Oppenheimer ® found that 86 per cent showed left axis 
deviation. They found also that changes in the P and T waves of lead 
IIL occurred in 70 and &7 per cent, respectively, of these ninety-seven 
cases. However, 67 per cent of this group had hypertension, and 85 
per cent were reported to have roentgenologic evidence of left ventricu- 
lar hypertrophy, so that it is difficult to ascertain whether the electro- 
cardiographic changes were due to changes in the position resulting 


* Submitted for publication, July 21, 1930. 

*From the Medical Clinic of the Boston Dispensary, service of Dr. Joseph 
H. Pratt and the Division of Research. 
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from the obesity or to the hypertension and hypertrophy. The correla- 
tion of left axis deviation with hypertension, particularly in those cases 
that present some cardiac enlargement, is fairly detinite.t’ The changes 
in the T wave may have been merely part of the picture of the left axis 
deviation, since it is known that the T wave normally bears some rela- 
tion to the QO R S wave and tends to vary with variations in the ampli- 
tude of this initial ventricular phase. Thus an inverted T wave in lead 
III may be seen in left axis deviation associated with the inverted Q RS 
complex in the same lead. 

It appears worth while to establish more definitely the character- 
istics of the electrocardiogram in the obese and to point out the common 
variations from the strictly normal. While these variations may not 
be definitely abnormal, they are still deviations that are worthy of con- 
sideration, 

In the present study the cases were separated into two groups: 
(1) those cases of obesity in which the heart was considered normal, 
and (2) those cases showing hypertension ( a systolic blood pressure of 
more than 170 mm. of mercury), roentgenologic evidence of cardiac 
enlargement or other cardiac abnormalities. One hundred cases were 
studied. The electrocardiograms were taken with the patient in the sit- 
ting position, with tight clothing loosened, as Romberg ® has shown 
that tight corsets may definitely change the position of the heart. 
Orthodiagrams were made in the erect position within one week of the 
electrocardiographic examination. The diagnosis of cardiac enlarge- 
ment was based on these orthodiagraphic observations, Otten’s tables 
being used as standards.° From the orthodiagram the anatomic angle of 
the heart was obtained and compared with the electrical angle calculated 
according to Einthoven ? from the electrocardiogram. The anatomic angle 
was taken as that angle which is formed by a horizontal line and a line 
drawn from the junction of the curve of the right auricle in the ortho- 


diagram with that of the superior vena cava to the apex of the heart. 


The approximate duration of the obesity as well as the percentage of 
overweight according to the standard tables of the Metropolitan Life 
Insurance Company were both recorded as being of possible significance. 


4. Proger, S. H., and Davis, D.: The Significance of Axis Deviation in the 
Human Electrocardiogram, Arch. Int. Med. 45:974 (June) 1930. White, P. D., 
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ANALYSIS OF CASES 

Uncomplicated Obesity —Those cases are considered uncomplicated 
or cases of simple obesity in which the physical examination of the 
heart gives negative results, the orthodiagram shows no enlargement or 
abnormal contour, and the blood pressure is not elevated. Fifty-five are 
included in this group. 

Of these 55, 39 (71 per cent) appeared on simple inspection to have 
some degree of left axis deviation, that is, exaggeration of the R wave 
in lead I and the S wave in lead III. By actual measurement of the 
index and angle, it was found that 31 (56 per cent) showed definite 
evidence of left axis deviation (angle below O degrees or index above 
+20). In 40 of the 55 cases the electrical angle was below 20 degrees 
and in 28 it was below O degrees, which is taken by many as the lower 
limit of normal.’ Thirty-two of the 55 showed an index over +15, 
and 20 (36 per cent) showed an index of over +20, which is con- 
sidered by White * to indicate definite left axis deviation. This high inci- 
dence (36 per cent) of axis deviation beyond +-20 in cases of simple 
obesity is a distinct contrast to the 0.5 per cent incidence of such an axis 
in 1,812 adults without disease of the heart reported by Ferguson and 
O'Connell. The average angle of the entire group was 7 degrees; the 
average index, +16. 

Thirty-nine of the fifty-five cases showed an inverted T wave in 
lead III, and twenty-four exhibited changes in the P wave in lead III 
(flat or inverted). In studying the electrocardiograms showing inver- 
sion of T3 an interesting correlation was observed. It appeared that 
inversion of T3 was a fairly constant concomitant of left axis deviation 
when the deviation was thought to be due to change in position. 
Thirty-one of the cases of simple obesity showed definite left axis devia- 
tion, apparently due merely to change in position. Twenty-eight of them 
showed an inversion of T3. In order to test the validity of this obser- 
vation, I reviewed the records of thirty-one persons of average size 


7. Carter, E. P.; Richter, C. P., and Greene, C. H.: A Graphic Application 
of the Principle of the Equilateral Triangle for Determining the Direction of the 
Electrical Axis of the Heart in the Human Electrocardiogram, Bull. Johns Hop- 
kins Hosp. 30:162 (June) 1919. Dieuaide, F. R.: The Determination and Sig- 
nificance of the Electrical Axis of the Human Heart, Arch. Int. Med. 27:558 
(May) 1921. 

8. White (footnote 4, second reference). 


9. Ferguson, D., and O'Connell, J. T.: Cardiovascular Observations; Includ- 
ing a Series of Electrocardiograms of Eighteen Hundred and Twelve Men 
Without Heart Symptoms, U. S. Nav. M. Bull. 24:860 (Oct.) 1926. This incidence 
of 36 per cent in our cases was decreased, however, by 22 per cent when electro- 
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who showed left axis deviation associated with hypertension (systolic 
blood pressure over 170 mm. of mercury and roentgenologic evidence of 
cardiac enlargement. Cases showing inversion of the T wave in lead I or 
I] or abnormal spreading of the QRS complex were not included. 
Only six of these thirty-one showed an inversion of the T wave in 
lead III (in six of the cases T3 was iso-electric and in nineteen 
erect), in contradistinction to twenty-eight of thirty-one in the former 
group. In the latter group one is dealing with cases clinically associated 
with left ventricular hypertrophy,’® so that it is reasonable to suppose 
that in this group the axis deviation in most of the cases is the direct 
result of the hypertrophy. The figures then indicate that left axis 
deviation due to change in position is usually associated with inversion 
of the T wave in Lead III, whereas left axis deviation due to relative 
left ventricular hypertrophy is commonly associated with an erect T wave 
in lead ILI. 

There was no significant change in the T wave in leads I and II 
in any of the cases of simple obesity, even though the axis deviation was 
considerable in a fair percentage of the cases. This is interesting because, 
as Cohn? has shown, in the production of axis deviation experimentally 
by rotating the leads around a large triangle laid out on the chest, thus 
simulating rotation of the heart on its A-P axis, the T waves change 
with the Q R S waves, and as the Q R S waves become inverted and 
deepen, the T waves also become inverted. Experimentally this occurs 
in all of the leads. White *? expressed the belief that although inversion 
of the T wave in lead I or in leads I and II does not occur in a normal 
heart, it may be the result of marked left axis deviation without disease 
of the coronary arteries or bundle branch. Such left axis deviation with 
inversion of the T waves in lead I or II has been found by White to be 
associated with left ventricular hypertrophy and dilatation (with exten- 
sion of the bundle branch as well as increase in muscle mass). If 
with only slight left axis deviation the T wave is inverted in lead I or II, 
White held that some other factor, such as blocking the left bundle 
branch, cardiac infarction or myxedema is present. In this study only in 
lead III did the T wave become inverted as a result of the deviation. 

Obesity with Complications —There were forty cases of obesity with 
cardiac complications and five cases with essential hypertension without 
demonstrable cardiac involvement. Twenty patients had hypertension 
and cardiac enlargement. Thirteen of these (65 per cent) showed an 
angle of less than O degrees or an index over +20 (definite left axis 

10. Lewis, T.: Observations on Ventricular Hypertrophy with Especial Refer- 
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deviation). The average angle was 6 degrees; the average index, +21. 
(only five of this group showed inversion of the T wave in lead III, 
while three showed inversion of the T wave in leads I and II, and one 
inversion of the T wave in lead I alone. Four showed P wave changes 
in lead II]. There were five cases of hypertension without cardiac 
enlargement. Of these, three showed left axis deviation, two, inver- 
sion of the T and P waves in lead II, and one, inversion of only the 
T wave in lead III. There were nineteen cases of enlargement that 
appeared on the orthodiagram to be chiefly left ventricular, but without 
livpertension at the time the picture was taken. Of these, eleven 
showed left axis deviation; ten inversion of T3, and seven changes in 
P3. The average angle of this group was 8 degrees; the average index, 
+19. There was one case of rheumatic mitral stenosis that showed 
a normal angle and index, but in which a diphasic T wave in lead II and 
an inverted T wave in lead III were recorded. The orthodiagram in 
this case showed a distinct right-sided enlargement. 

The electrical axis did not differ materially whether or not the heart 
was involved. For example, the average angle in the group with simple 
obesity was 7 degrees and the average index +17, while in the group 
with hypertension and cardiac hypertrophy the averages were 6 degrees 
and +21, respectively. Fifty-six per cent of the cases of simple obesity 
showed definite left axis deviation, while 65 per cent of the cases of 
obesity with hypertension and cardiac hypertrophy showed such an axis. 
It is known that in people of ordinary size there is a definitely greater 
incidence of left axis deviation in those with hypertension and cardiac 
hypertrophy than in those with no cardiac abnormalities,* so that axis 
deviation is considered by many to be of some value in the diagnosis of 
relative ventricular hypertrophy.’* In the obese, however, left axis devia- 
tion appears almost to the same degree and as frequently in cases of 
simple obesity as in cases with hypertension and cardiac hypertrophy. 
Thus changes in the axis that may be produced by left ventricular hyper- 
trophy are obscured by the changes associated with obesity. Therefore, 
deviation of the axis is probably of no significance in the obese. Although 
inversions of the T wave in leads I and JI theoretically may be associated 
with marked deviations in the electrical axis, in this study they are 
found not to occur in those cases in which the heart is apparently 
normal, despite marked deviation of the axis. In the four cases in 


12. Pardee, H. E. B.: Determination of Ventricular Preponderance from the 
Electrocardiograph, Arch. Int. Med. 25:638 (June) 1920. White, P. D., and 
Bock, A. V.: Electrocardiographic Evidence of Abnormal Ventricular Prepon- 
derance and of Auricular Hypertrophy, Am. J. M. Sc. 156:17 (July) 1918. 
White (footnote 11). Carter (footnote 7, first reference). 
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which these inversions were associated with marked left axis deviation, 
there is definite clinical evidence of myocardial disease. 

Comparison of Electrical and Anatomic Angle.—Since it is true 
that the changes in the electrocardiogram of the obese seem to be due 
to the changes in position resulting from the obesity rather than to any 
direct cardiac effect, it appeared advisable to compare the anatomic 
and electrical angles and to determine if possible whether or not the 
usual transverse position of the heart in obesity with its low anatomic 
angie is paralleled by changes in the electrical angle. 

There does appear to be a general relationship between the anatomic 
angle of the heart as measured with a protractor on the orthodiagram 
and the electrical angle as calculated from the electrocardiogram. Of 
the twenty-five cases in the entire group in which the anatomic angle was 
below 30 degrees and in which the heart may be said to have been in a 
more or less transverse position, the average electrical angle was 1 
degree, which may reasonably be considered as left axis deviation. Of 
eleven cases in which the heart was more oblique, the anatomic angle 
being over 40 degrees, the average electrical angle was 28 degrees, which 
may be considered normal. A similar comparison in the group with 
normal hearts shows that the average electrical angle was 1 degree in 
those cases in which the anatomic angle was below 30 degrees, while it 
was 20 degrees in those cases in which the anatomic angle was above 
40 degrees. In the group with simple obesity there were thirty-two cases 
with the anatomic angle below 35 degrees. The average electrical angle 
of these cases was 2 degrees, the electrical angle in none being over 25 
degrees. There were twenty-three cases of simple obesity in which the 
anatomic angle was more than 34 degrees (from 35 degrees to 47 
degrees). The average electrical angle in this group was 17 degrees, and 
only two cases showed an electrical angle below O degrees, or definite 
left axis deviation. It is fair to conclude from these figures that the 
variations in the anatomic angle that occur with rotation of the heart on 
a horizontal axis usually are associated with corresponding changes in 
the electrical angle of the heart. The important influence on the elec- 
trocardiogram of rotation of the heart on a vertical axis,’*? which 
cannot be ascertained in a study such as this, may well account for the 
discrepancies noted. 

Influence of Age, Sex, Percentage of Overweight and Duration of 
Obesity—The average percentage of overweight was 33. The per- 
centage of overweight beyond approximately 25 in the individual cases 
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seemed to have no direct bearing on the electrocardiographic changes. 
The age was likewise found to have no effect in the cases studied, 
in which all of the patients were adults. For example, in the twenty- 
two cases of simple obesity in persons between the ages of 20 and 
40, the average angle was 7 degrees and the average index +15, while in 
thirty cases of simple obesity in persons between the ages from 40 
to 60, the average angle was 8 degrees and the average index +16. 
The duration of the obesity was in no way related to variations in the 
electrocardiogram in the normal group, nor did the sex appear to be 
an influencing factor. 
SUMMARY AND CONCLUSIONS 

1. The electrocardiogram of the obese person with an apparently 
normal heart in a large percentage of cases shows left axis deviation, 
flattening or inversion of the P wave and inversion of the T wave 
in lead III. 

2. In those cases in which the heart appears to be normal, there are 
no significant changes in the T wave in leads I and II, regardless of 
the extent of the axis deviation. 

3. Left axis deviation due to change in position is usually 
associated with inversion of the IT wave in lead III, whereas left 
axis deviation owing to relative left ventricular hypertrophy is commonly 
associated with an erect T wave in lead IIL. 

+. Cases of obesity without other organic disease show approxi- 
mately the same incidence and extent of left axis deviation as cases of 
obesity complicated by hypertension and cardiac enlargement. 

5. Axis deviation in the electrocardiogram of the obese patient is 
of no value as an aid in the diagnosis of relative ventricular hyper- 
trophy. 

6. There appears to be a general relationship between the anatomic 
angle of the heart as measured on the orthodiagram and the electrical 
angle as calculated from the electrocardiogram. 

7. Factors such as age, sex, duration and percentage of overweight 
beyond 25 per cent seem to have no definite relation to changes in 


the electrocardiogram. 
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HYPOCHROMIC ANEMIA WITH ACHLORHYDRIA* 


THEODORE  WAUGH, M.D 


MONTREAL, CANADA 


In contrast to hyperchromic anemia with achlorhydria, commonly 
called pernicious anemia, hypochromic anemia with achlorhydria has 
received comparatively little attention. This is due principally, it would 
seem, to three factors. 1. This type of anemia is so readily confused 
with other hypochromic anemias that it often is not recognized. Many 


physicians are satisfied to rule out pernicious anemia carefully and then 


to rest content on a diagnosis of ‘secondary anemia’ without further 
investigation or distinction. A smear is made, a blood count is done, 
no megalocytes are found, the color index is low, and at once all interest 
in the anemia disappears. 2. This condition never reaches the severity 
of pernicious anemia, and hence is more readily passed over. The 
patients do not look as sick as they really are, and one is greatly sur 
prised to find the hemoglobin so low. They show so favorable a picture, 
on physical examination, except for the anemia, and they complain so 
little except of fatigue, lassitude and perhaps palpitation on exertiot 
that one is inclined to consider them hypochondriac. Moreover, although 
the anemia is persistent, it rarely, if ever, increases to a sufficient degree 
to cause the death of the patient. While this lack of a possible fatal 
outcome cannot but lessen concern, it in no way alters the economic 
importance of the condition. 3. The disease has never received the 
attention in the literature that it would seem to deserve. It has nevet 
stood out as a clearcut entity, but has been treated as a sort of side issu 
in the discussion of achlorhydria and its relation to pernicious anemia 
Thus its own detail has been more or less lost in theoretical explanations 
of pernicious anemia. 

Although the condition had been recognized for some time, Faber’ 
in his address before the International Congress of Medicine in London, 
in 1913, drew attention to the fact that not only pernicious anemia, but 
a simple chlorotic type of anemia might occur, associated with gastric 
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achylia. He described a case and pointed out that 15 of 207 uncom- 
plicated cases of achylia showed percentages of hemoglobin below 50. 
At this time he considered that the achylia predisposed to the production 
of hemolytic toxins of bacterial origin in the intestine, which were the 
direct cause of pernicious anemia. Later further statistics were pub- 
lished, and the theory arose that congenital predisposition is the deciding 
factor as to whether in achlorhydria a hypochromic or hyperchromic 
type of anemia should arise. In 1929, Altschuller * reported a similar case, 
reviewed the work of Faber, and drew the conclusion that the achlor- 
hydria is not the preponderant or exclusive cause of the anemia, but 
rather the expression of an abnormal constitution in which this type 
of anemia may develop. According to his views, as Naegeli thought 
for chlorosis, the real cause lies deeply buried in a disturbance of the 
complex regulatory mechanism of hematopoiesis. 

Watkins,* in his recent classification of what he refers to as chronic 
idiopathic anemia, includes as his third group an anemia of middle-aged 
women, which agrees in many respects with the condition under dis- 
cussion. He stated, however, that achlorhydria may or may not be 
present, and apparently, therefore, did not consider this of primary 
importance in the disease picture. 

Witts,* in an article on the relation of achlorhydria to anemia, 
recently called attention to this simple (hypochromic) form in contrast 
to pernicious anemia. He stated that in his experience it is even more 
common in patients with achlorhydria than pernicious anemia, and, for 
the reasons that we have already pointed out, is often not recognized. 
In his opinion achlorhydria, or at least marked hypochlorhydria, is 
always present and plays a primary role in the pathogenesis of the 
condition, although the finer details of the mechanism of this develop- 
ment are still in doubt. 

In the course of several hundred complete morphologic examinations 
of the blood, I encountered this condition on several occasions. At first 
comparatively little attention was paid to it, but as the finer diagnostic 
features of the blood picture became clearer and a prediction of achlor- 
hydria was often possible before gastric analysis was done, my interest 
in it became aroused. It then took the appearance of a disease entity. 
Moreover, as time goes on, more and more cases appear, so one cannot 
but feel that either the condition is becoming more common or many 
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cases have gone unrecognized in the past. If such is the case, it would 
seem worthy of much more detailed study than it has received. I shall, 
therefore, summarize the outstanding clinical and hematologic features 
of my cases as a whole, give a more detailed history in some indi- 
vidual cases and discuss briefly the possible nature of the disease 
and its claim to an entity. 


CLINICAL FEATURES 


All of the cases that I have encountered have occurred in women. 
Cases have been reported, however, in men, though the great pre- 
ponderance in women is a well recognized fact. Most of the women are 
from 35 to 45 years of age, though occasional cases in younger and 
slightly older women occur. None of my cases occurred in a woman 
after the menopause. 

These women give a history of a healthy childhood and adolescence. 
Careful questioning as to anemia coming on at puberty or any evidence 
of a chlorotic diathesis at this time was generally answered by the state- 
ment that they were healthy with good color. One finds, however, in 
the history of the later years two outstanding features: (1) often 
indefinite stomach trouble with possibly an operation for ulcer and (2) 
always a persistent anemia and general weakness and lassitude. Many 
of the patients have had several children and have noted that during 
pregnancy they were particularly weak and compelled to spend the later 
months in bed. Several of the patients were examined because of 
indefinite anemia during pregnancy, but careful questioning brought out 
the fact that the anemia was probably present before pregnancy began. 

Physically, these women are generally slender, with conspicuous 
musculature. They do not appear to have aged unduly. They are not 
apparently very sick, but are pale, weak, tired and unanimated, often 
with a quiet attitude of mind suggesting resignation to their fate. They 
may complain of shortness of breath or palpitation on exertion. Often 
they report dyspepsia, and they are extraordinarily careful about their 
diet and choice of food. 

Physical examination reveals comparatively few abnormal signs. 
There may be a faint systolic murmur, and the blood pressure is 
inclined to be low. There is no appreciable splenic or glandular enlarge- 
ment. Careful examination of the stools shows no evidence of loss of 
blood. Moreover, there is rarely a history of excessive bleeding at 
menstruation, though occasionally menorrhagia is the initial symptom of 
an exacerbation. All efforts to explain the anemia on a posthemor- 
rhagic basis fail. Gastric analysis, however, reveals an absence of free 
hydrochloric acid after the test meal, and I am inclined to believe that 
this or at least extreme hypochlorhydria, is a constant observation. The 
blood picture, moreover, is quite typical and will be taken up here in 
detail. 
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MORPHOLOGIC DETERMINATIONS OF THE BLOOD 


The red blood cells are only moderately reduced in number, figures 
between 3,500,000 and 4,000,000 being most common. On the other 
hand, the hemoglobin is relatively low, ranging from 30 to 60 per cent. 
Consequently, the color index is often extremely low, and the hemo- 
globin concentration is markedly reduced. The cells are pale and stain 
poorly and irregularly. Morphologically, they vary considerably in 
size, with occasional forms larger than normal and the great majority 
much smaller; figures for the average volume of corpuscles from 60 
to 70 cubic microns are common. Poikilocytosis and polychromato- 
philia vary from slight to moderate. Punctate basophilia has not been 
observed, and nucleated red cells do not occur except in severe and 
possibly complicated cases. Not over 2 per cent of the cells show 
reticulations with the so-called vital stain. On macroscopic examination, 
the fragility appears comparatively normal ; however, by the microscopic 
method described by Chase and myself* anisohemolysis is demon- 
strable, and the peculiar combination of increased resistance in the 
lower tubes and increased fragility in the higher concentrations is 
present. This is met with in other types of hypochromic anemia. The 
sedimentation velocity is remarkably slow considering the severity of 
the anemia, and stands in distinct contrast to that in pernicious anemia 
in this respect. Readings indicative of a velocity only slightly above the 
normal are the rule. 

In typical cases there are from 4,000 to 5,000 white blood cells per 
cubic millimeter, that is, a moderate leukopenia. This is due primarily 
to a definite reduction in neutrophil polymorphonuclears. The mono- 
cytes are also actually reduced in number, although their percentage may 
be slightly increased. There is often a relative, but never an absolute, 
lymphocytosis, and these forms may also be reduced in number. In 
many cases of hypochromic anemia the mast cells may be noticeably 
increased, and occasionally there is slight eosinophilia. The poly- 
morphonuclears do not exhibit toxic changes, but there is often increase 
lobation of the nuclei, that is, a shifting of the index of nuclear seg- 
mentation to the right as in pernicious anemia. Immature forms, such 
as myelocytes, are but rarely seen in typical cases. 

The platelets are somewhat reduced in number, though low figures 
suggesting an approaching hemorrhagic diathesis were not observed. 
There is no prolongation of the bleeding time. As regards coagulation, 
fibrin formation appears to occur more rapidly than normally in the 
majority of cases, and congealing of the blood both without and in the 
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presence of added calcium chloride tends to be somewhat shortened. 
Retraction of the clot occurs promptly and to a marked degree. 

Finally, the serum is inclined to be a rather pale yellow with a faint 
or moderate green tinge. Refraction of the plasma ranges from 55 to 
59 with the dipping refractometer. The van den Bergh reaction never 
shows a marked bilirubinemia. The prompt direct reaction is negative 
and the delayed direct reaction, as a rule, faint. By the indirect method 
most cases give less than 0.3 units of bilirubin, but occasionally slightly 
higher figures, though within normal limits, are found. 

To summarize, there is a marked low color index, i. e., hypochromic 
anemia, with evidence of deficient erythropoietic and leukopoietic 
myeloid activity. Moreover, the anemia is not hemolytic. 

In severe cases, as occasionally occurring in women during preg- 
nancy, the foregoing picture may be somewhat altered. The anemia is 
more marked and nucleated red cells and myelocytes appear, but the 
blood picture as a whole maintains the same essential characteristics. 


COURSE AND RESULTS OF THERAPY 

The anemia in these cases is extraordinarily persistent. Following 
pregnancy, there is apparently some improvement, but a marked anemia 
persists. The patients invariably complain that they dislike taking iron 
and that it does them no good. Arsenic possibly causes an improvement 
in the subjective symptoms but no appreciable alteration in the blood 
picture. These cases do not respond to liver therapy as do those of 
pernicious anemia. I have examined two cases in particular after a long- 
continued diet of liver and found no appreciable alteration in the blood. 
The benefit of transfussion is only temporary, and the blood rapidly falls 
to its previous level. In fact, the persistence of the anemia and its 
tendency to maintain a constant level for months in spite of all manner 
of therapy is one of the outstanding characteristics of the disease. One 
patient whom I have examined on numerous occasions for over two 
years, during which time she was treated by all the recognized methods 
of stimulating the formation of the blood, even by splenectomy, has 
maintained constantly approximately 4,000,000 red cells and 45 per cent 
hemoglobin. 

Other authors have obtained much greater improvement in these 
cases under iron therapy than my results would indicate. They all 
emphasize, however, the necessity of giving the drug in large doses. 

I have had no experience with the beneficial effect of a powder pre- 
pared from the fetal liver of calves, as described by Watkins. Recently, 
however, I have had the opportunity to follow the effects of iron and 
copper therapy, as advocated by Mills.° In one particularly persistent 
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case, which had been under observation for several years during which 
time it had never shown a hemoglobin percentage over 60 per cent, there 
occurred a distinct rise to 76 per cent, and an improvement in the color 
and general appearance of the patient, but no appreciable amelioration 
of subjective symptoms. As this case was carefully followed and never 
, showed the least response to the usual forms of treatment for anemia, 
{ am inclined to the view that there is a more or less specific thera- 
peutic value in the combination of copper with the iron in the treatment 
for this condition. 

While I have been able to follow up only a few of these patients 
after they have left the hospital and only for a comparatively short time, 
none has completely recovered, but, perhaps even more remarkable, none 
to my knowledge has died. Unfortunately, therefore, I cannot report 
on pathologic changes taking place in the body, with the exception of 
those in the blood. 

INCIDENCE 

My observations have extended over far too short a time to assert 
that the condition is becoming more common. Such a fact 1s most 
difficult to establish even over long periods. However, I am struck, as 
time goes on, by the increasing number of women whose blood I am 
asked to examine, who appear to be suffering from this type of anemia. 
I have not as yet had an opportunity to go over the older records for 
comparison, but in 1929 six cases were examined which fall definitely 
into this group, and four more were seen within the first half of the 
present vear. 


SUMMARIES OF INDIVIDUAL CASES 


Case 1.—History.—Mrs. G. O., aged 39, had entered the hospital on several 
occasions during the past two years. She gave a history of good health through 
childhood and to the age of 30, when she had influenza. Since then she never 
completely regained her health. She complained of weakness and of becoming 
fatigued easily. Menstruation was somewhat irregular, and the flow scanty. She 
had had three normal pregnancies. Five years before entrance to the hospital 
she was operated on for an ovarian cyst, and two years later a uterine polyp was 
removed. She had never been jaundiced. The appetite was good, although she 
had some gas after meals. Three years before I saw her an examination of the 
blood was made, and she was told that she had pernicious anemia. She was 
treated by various methods, including liver therapy, without improvement. 


-xamination.—Since the patient has been under my observation, physical 
examinations have given essentially negative results. No focus of infection could 


bey 


be demonstrated. The urine and stools were normal. Gastric analysis failed to 
show free hydrochloric acid either before or after the test meal. 

Morphologic examinations of the blood were carried out on several occasions. 
On Jan. 8, 1929, the first test showed: red cells, 4,300,000: white cells, 4,000; 
hemoglobin, 67 per cent (94 Gm. per hundred cubic centimeters), and color 


index, 0.78. 
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The red blood cells showed: marked anisochromia; marked anisocytosis with 
some large and many small forms; moderate poikilocytosis and polychroma- 
tophilia; no punctate basophilia or nucleated cells; reticulated cells, 1 per cent; 
iragility test, anisohemolysis; corpuscle volume, 35 per cent; average corpuscle 
volume, 81 cubic microns, and hemoglobin concentration, 0.84. There were 4,000 
white blood cells, and an examination of 400 showed: 2,240 polymorphonuclears 
per cubic millimeter, or 56 per cent; 40 eosinophils, or 1 per cent; 40 mast cells, 


or 1 per cent; 390 monocytes, or 9.75 per cent, and 1,290 lymphocytes, or 32.25 


per cent. There was a reduction in myeloid elements. The platelets numbered 
110,000 and were usual in size and shape. The bleeding time was not appreciably 
prolonged. The coagulation time for the formation of fibrin was six minutes; 
congealing, five minutes, and congealing with calcium, nine minutes; clot retrac- 
tion was present. 

The serum was yellow with a faint greenish tinge. The refraction of the 
plasma was 59, The results of the van den Bergh test were: direct, prompt, 
negative; direct, delayed, faintly positive, and indirect, 0.5 units of bilirubin. 

Course.—Four subsequent examinations of the blood within the last eighteen 
months showed almost identical determinations. Various forms of treatment for 
anemia have been resorted to without change in the blood picture. Recently the 
patient left Montreal. Her physician advised iron and copper therapy, but I am 
unable to report the results. In this case the anemia was comparatively mild, but 
characteristically persistent. 

Case 2.—History—Mrs. O., aged 40 entered the hospital on Jan. 20, 1930, for 
examination and special tests. She complained of loss of strength, palpitation 
and general malaise. She had been in rather poor health for the past fifteen 
years, but during the last six months she had noticed increasing lassitude, with 
palpitation on exertion and loss of color. She had never been jaundiced or 
noticed bloody, tarry or clay-colored stools. The mentrual periods were irregular 
and without excessive loss of blood until the past few months, when they were 
somewhat prolonged, with a slightly increased flow. She had never been pregnant. 
The personal and family histories were irrelevant, except for the account of 
several attacks of pleurisy in the past fifteen years. 

Examination.—Physical examination showed the patient to be moderately well 
nourished, very pale and of an older appearance than is ordinary for the stated 
age. She did not appear acutely ill. The temperature was 98.4 F., the pulse rate 
85, and the respiratory rate 20. The mucous membranes were pale, and the 
tongue, red, glazed and fissured. There was no glandular enlargement. The lungs 
were clear. The blood pressure was 140 systolic and 58 diastolic. There was a 
systolic murmur. The liver was just palpable; the spleen, however, was 
net. The urine and stools were normal. The electrocardiogram was normal. 
The basal metabolic rate was + 21.4. A roentgenogram showed the chest to be 
normal except for calcified glands at each hilus. The gastric analysis did not 
show free hydrochloric acid before or after the test meal. 

The complete morphologic examination of the blood showed: red cells, 
35,800,000 ; white cells, 5,200; hemoglobin, 35 per cent (4.9 Gm. per hundred cubic 
centimeters) ; color index, 0.46. 

The red blood cells stained poorly. They showed marked anisocytosis with many 
small forms; moderate poikilocytosis; slight polychromatophilia ; no punctate baso- 
philia or nucleated cells; reticulated cells, not over 1 per cent; fragility test, aniso- 
hemolysis; corpuscle volume, 22 per cent; average corpuscle volume, 58 cubic 
microns ; hemoglobin concentration, 0.7, and viscosity, low. The white blood cells 
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numbered 5,200; an examination of 500 showed: 3,422 polymorphonuclears per cubic 
millimeter, or 66.8 per cent; 31 eosinophils, or 0.6 per cent; 21 mast cells, or 0.4 
per cent; 488 monocytes, or 9.4 per cent, and 1,238 lymphocytes, or 23.8 per cent. 
There was a slight reduction in polymorphonuclears, but no toxic changes. The 
platelets numbered 210,000 and were usual in size and shape. The bleeding time 
was not appreciably prolonged. The coagulation time for the formation of fibrin 
was one-half minute, and for congealing, seven minutes; retraction of the clot 
was present and marked. The serum was a rather pale yellow with a faint 
greenish tinge. Refraction of the plasma was 59. The results of the van den 
Bergh test were direct, prompt, negative; direct, delayed, faintly positive, and 
indirect, 0.4 units of bilirubin. 

Course—The patient left the hospital on January 25, and is being treated in 
her home. No subsequent examinations have been made on the blood. In this 
case the grade of anemia was especially severe. 


Other cases might be included, particularly those with histories of 
gastric trouble or cases examined during pregnancy, which vary some- 4 
what from those given. However, as the diagnostic features are essen- 
tially the same, they will be omitted. ; 


DISTINCTION FROM OTHER TYPES OF ANEMIA 


Several of these cases were sent to me with a possible diagnosis of 
pernicious anemia for detailed examination of the blood. The diagnosis 
may have been suggested by the anemia in the presence of achlorhydria ; 
or simply by the general appearance of the patient. In one case the 
diagnosis of pernicious anemia had been settled on definitely, and the 
patient treated accordingly for several weeks. Failure to improve on a 
strict diet of liver led to a further investigation. 


Complete observations of the blood leave no possibility of confusing 


the two conditions. There is a great similarity in the ditferential picture 


of the white blood cells ; however, the marked hypochromic character of i 
the anemia and the lack of bilirubinemia are points of sharp distinction. 
I appreciate the possibility of having genuine pernicious anemia with a ; 


color index below 1; however, in such cases the hemoglobin concen- 
tration remains high, and the lowering of the color index is due to the 


presence of many small fragments of erythrocytes or schizocytes. 
There seems to be no hematologic grounds for concluding that these 


cases should be considered atypical cases of pernicious anemia, and cer- 
tainly their lack of response to liver therapy is against such a conclusion. 

That these cases of hypochromic anemia with achlorhydria are not 
mere cases of secondary anemia in which the etiologic factor is 
obscured is much more difficult to establish. Posthemorrhagic condi- 
tions with poor regenerative ability on the part of the hematopoietic 
system might give a similar blood picture; however, demonstration of 
the loss of blood completely fails, and the maintenance of such a con- 
stant level of anemia is against such a conclusion. 
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Similarly such chronic toxic states as tuberculosis or nephritis often 
show severe cases of hypochromic anemia with poor regenerative 
ability ; the bone marrow is hypoplastic, and the body does not appear to 
respond to the deficiency in blood. I can say only that there is no evi- 
dence up to the present time that such a primary condition plays a role 
in this disease. 

The marked hypochromic character of the anemia and its occurrence 
in this series in women exclusively, make one think of chlorosis; in this 
connection several points need to be mentioned. Whether or not a true 
chlorosis can actually exist in later life has been disputed for some time. 
Naegeli is the chief supporter of the affirmative view. If late chlorosis 
does exist, and I am inclined to believe that it does, the term should be 
employed and the disease defined as a persistence of the chlorotic state 
into middle life. In other words, the term should be used exclusively 
for cases having the same general clinical picture and identical blood 
pictures of typical chlorosis, and only in those cases which meet all 
specifications of that disease. The term should not be loosely employed 
to designate any case of idiopathic anemia with low color index in 
middle life. 

In the hypochromic anemia that I am discussing, the history and 
constitutional make-up of chlorosis are lacking. As a rule, my patients 
gave a history of a healthy girlhood. Moreover, in contrast to the fre- 
quent sterility of chlorotic patients, these patients are often prolific. The 
blood picture has certain points of similarity, particularly the erythrocyte 
changes ; however, the changes are not specific of chlorosis, but are met 
with in any severe case of hypochromic anemia. The usual platelet 
increase of chlorosis is lacking, and the leukopenia is persistent and 
definite. Finally, while the reports of the analysis of the contents of 
the stomach in chlorosis give various results, hyperacidity is most com- 
mon. All of these facts combine to support a conclusion that, although 
one is dealing with a chlorotic tvpe of anemia, one is not justified in 
considering the condition under discussion a variant of that disease. | 
therefore feel that there are good grounds to support the view that this 
type of anemia may be looked on as a disease entity. 


IS ACHLORHYDRIA ALWAYS PRESENT 

Watkins, in describing his third group of idiopathic secondary 
anemia, stated that there may or may not be an associated achlorhydria, 
and apparently he did not consider this a pathognomonic factor of the 
disease picture. Mills, in the cases which he grouped together under the 
designation idiopathic hyopochromic anemia, stated that achlorhydria is 


generally present, but may be lacking. In all of my cases there has 
been a distinct lack of free hydrochloric acid in the contents of the 
stomach both during fasting and after a test meal. It may be merely a 
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coincidence that I have not had any cases with a lack of achlorhydria in 
my series, or it may be possible that achlorhydria develops only late in 
the disease and that early cases show free hydrochloric acid. I am 
inclined to believe, however, that achlorhydria, or at least extreme hypo- 
chlorhydria, as in pernicious anemia, is a pathognomonic factor of the 
condition that I have described, and that all cases that do not present it 
are not to be included in this group. In the two cases in which histamine 
tests were carried out, no free hydrochloric acid was found in the con- 
tents of the stomach following the administration of, at first, one-half 
and, on a later date, 1 mg. subcutaneously. The importance of the 
question as to whether or not achlorhydria is always present becomes 
more obvious when one considers various hypotheses as to its nature. 


POSSIBLE NATURE OF THE DISEASE 

The outstanding feature of this type of anemia is the hypochromic 
character. A relatively high erythrocyte count with a low hemoglobin 
percentage is always present. Watkins called attention to this apparently 
normal ability of the bone marrow to keep up the number of red blood 
elements while maintaining a marked deficiency in the concentration of 
hemoglobin. As he stated, there is an apparent dysfunction in the 
synthesis of hemoglobin. Too, in my cases at least, there has been the 
constant presence of achlorhydria, which may be either primary or 
secondary to the anemic state. This question bears considerable weight 
in constructing theories as to the nature of the disease. 

If the achlorhydria is primary, the recent work of Castle and Town- 
send on the etiologic relationship of achylia gastrica to pernicious anemia 
may have an important bearing here. These authors showed that by 
treating patients with pernicious anemia with beef muscle previously 
incubated with normal gastric juice a progressive improvement in the 
anemia results comparable to that resulting from liver diet. However, 
neither of these substances separately produce the beneficial effect. They 
argue, therefore, that the effective substance is produced by the action 
of normal gastric juice on the muscle. Liver evidently supplies this 
effective substance and does not require the action of normal gastric 
juice to form it. It would seem, therefore, that in such cases of achylia 
gastrica not only hydrochloric acid but certain proteolytic ferments 
necessary for the production in the body of the effective substance are 
lacking. 

Returning to the type of hypochromic anemia with achlorhydria 
under discussion, the possibility is offered that here too one is dealing 
with a deficiency in gastric activity. This leads to the absence or incom- 
plete formation of some chemical substance which although differing 
from the effective substance in liver is essential for the maintenance of 
normal hematopoiesis. Its absence or presence in too small amounts 
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leads, not to the typical hyperchromic type of anemia met with in per- 
nicious anemia, but rather to hypochromic anemia characterized par- 
ticularly by persistent deficiency in hemoglobin formation. 

If, on the other hand, the achlorhydria is simply secondary to, and 
the result of, the anemia, one must look elsewhere for the primary 
cause. That achlorhydria may result from anemia has been held for 
a long time. However, it is difficult to conceive how anemia alone 
can cause it, and certainly many severe cases of anemia cover long 
periods without a marked change in the gastric secretions. One should 
certainly hesitate to explain away the achlorhydria as simply as has been 
done in the past. Up to the present time none of the cases which | 
have examined, to my knowledge, has shown any primary etiologic 
factor such as would warrant its being put into the common category of 
so-called secondary anemia. Only further observations over long 
periods of time can rule out this possibility. 

Granted, therefore, that the achlorhydria is not purely secondary, 
there are still the theories of Faber and Altschuller, mentioned before, 
to bear in mind. As regards the former, the same arguments pro and 
con as to the importance of intestinal flora in pernicious anemia appl) 
here. A massive literature has grown up on this question which it is 
beyond the scope of this paper to discuss. As regards Altschuller’s 
views, while they may be correct, they are at best disappointing so far 
as they seem to bury the cause of this type of anemia beyond the means 
of scientific excavation. I am impressed by the fact, however, that 
although apparently authentic cases have been described in men, all of 
my cases have occurred in women, and that this type of anemia is cer- 
tainly much more common in this sex. Moreover, I have not met with 
a single typical case in a woman past the menopause. Such facts sug- 
gest an endocrine or nervous factor, and I cannot but feel that while 
similar, the cases occurring in men may eventually be found to be not 
strictly identical as regards etiology and pathogenesis. 
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In evaluating the status of diseased organs, certain attempts might be 
directed to the deviations in the normal functions of synthesis and 
excretion. In the liver such tests have diagnostic limitations, since the 
degree of parenchymatous involvement does not necessarily parallel the 
impairment of the various individual functions; moreover, the process 
of regeneration in the liver is frequently extensive. 

The tolerance tests for levulose and galactose, which have received 

uch attention, have not always been very fruitful in the elucidation 
ot the problem. The results obtained with the dye excretion 
method are too sensitive, and the presence of jaundice causes 
errors in the quantitative estimation; moreover, there is some hesitancy 
in employing this method if the liver is already damaged, especially if 
there is also marked diminution in the excretion of bile. The study of 


the biliary pigments in the blood enables one to detect the presence o 
jaundice before its clinical visibility, but, except for the differentiation 
of the hemolytic anemias, it offers little aid in connection with the 
various parenchymatous diseases of the liver, as bilirubin is detected 
in hemolytic and obstructive jaundice when relatively little damage of 
the liver has occurred. This objection also holds for the presence of 
the pigments in the urine. The determinations of lactic acid and amino- 
acids in the blood and urine are very complicated, and the urea of the 
blood begins to show abnormal deviations only in extreme damage, since 
its formation is one of the last of the functions of the liver to disappear. 
Experimental and clinical data in recent vears have focused atten- 
t on the important rdle of the liver in the cholesterol metabolism. 
According to the majority of authors, there is in the normal blood plasma 
of human beings from 140 to 200 mg. of total cholesterol per hundred 
cubic centimeters, depending on the method of examination employed, 
and of this from 50 to 70 per cent is in the form of cholesterol ester 
(the combination of 1 molecule of free cholesterol with 1 molecule of a 
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iatty acid). Among others, Hueck* expressed the belief that the 
greatest source of the cholesterol in the body is exogenous, the entero- 
genous resorption depending on the amount of cholesterol in the food 
and on the presence of fatty acids, bile and pancreatic juice in the intes- 
tines. The main excretory path of the cholesterol is via the bile, and in 
the human being the cholesterol in the bile is in the form of free 
cholesterol. According to Thannhauser,’ the liver is the regulator not 
only of the cholesterol content of the blood, but also of the relation of 
the tree cholesterol to the cholesterol ester. The liver is also its chief 
excretory organ. That other organs, and especially the reticulo- 
endothelial system, may be involved in the cholesterol metabolism was 
shown by the work of Rothschild,* Leites,* Frenckell and Nekludow ° 
and others on the suprarenals, lungs, spleen and other parts of the 
reticulo-endothelial system. 

In the liver a reversible reaction of synthesis of cholesterol ester 
from fatty acids and free cholesterol and of hydrolysis or saponification 
by means of esterases into free cholesterol and fatty acids is always 
occurring. Kondo® and Schultz? were the first to demonstrate in the 
liver of horses and cows a ferment capable of splitting cholesterol ester, 
and to this is attributed the absence of cholesterol ester in the bile. 
Thannhauser demonstrated the presence of esterases in the intestines, in 
the duodenal and pancreatic juices and in the bile of human beings, 
and he also believed in the possibility of the saponification of the ester 
in the intestines. 

It seemed that a study of the liver might be undertaken with reference 
to its property of regulating the cholesterol content and the ratio of the 
free cholesterol to the cholesterol ester in the blood. In reporting on 
the lipoids in acute yellow atrophy, Feigl* noted low figures for the 
cholesterol ester (from 11 to 50 per cent of the total), but he did not 
attach any particular significance to these observations. Thannhauser and 
Schaber ® showed that in cases of damage of the liver the values for 
cholesterol ester were below those of the free cholesterol, and that in 
the more severe cases (acute yellow atrophy) the values for ester were 
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so depressed and lowered as to be occasionally entirely lacking, which 
disappearance Thannhauser called “Estersturz.”  Enderlen, Thann- 
hauser and Jenke *° extirpated the liver in 6 dogs, and in only two were 
they able to demonstrate a fall in the ester cholesterol content of the 
blood. Adler and Lemmel,*! in a large series of cases of acute and 
subchronic yellow atrophy and icterus catarrhalis, demonstrated that the 
lowering of the values for cholesterol ester ran parallel to the severity 
of the degeneration of the liver, and that with recovery the normal 
values were gradually reached. In twenty-seven cases of cirrhosis of 
the liver, little or no changes in the values for the cholesterol ester were 
found. On the other hand, Burger and Habs ?* in cases of severe 
damage of the liver in human beings, Rosenthal, Licht and Melchior,?® 
in extirpation of the liver of dogs, and Stern and Suchantke,** in 
clinical and experimental investigations, were not able to corroborate 
the observations of a complete disappearance of the cholesterol ester. 
Moreover, Mann?° found no change in the cholesterol before and at 
periods following the removal of the liver. 

The contradictory results encountered in clinical observations might 
be obviated if the cases were studied from the onset of the injury until 
the termination in either recovery or death. The present study com- 
prises the results of such observations in ten cases of acute parenchyma- 
tous disease of the liver, of unknown etiology, occurring in the course of 
infection, following medication, and varying in intensity from mild 
hepatitis in a case of pneumonia to fatal acute yellow atrophy, and in 
four cases of atrophic cirrhosis of the liver. The work was done in the 
chemical laboratory with the supervision of Dr. Harry Sobotka. 

Determinations of the total, free and ester cholesterol content of the 
blood were carried out on from 1 to 2 cc. of blood plasma taken from 
the patients in the morning before breakfast; the method of Bloor and 
Knudson ** was employed. A short summary of the clinical histories 
and observations in these cases is presented. 
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GROUP 1: ACUTE PARENCHYMATOUS DISEASES OF THE LIVER 


Case 1—A man, aged 32, with an unimportant past history, complained of 
loss of appetite, dark urine, diarrhea, clay-colored stools of ten days’ duration 
and jaundice of six days’ duration prior to admission. There was no history of 
pain, vomiting, fever, chills or previous attacks of jaundice. No medicines had 
been taken by the patient previously. Physical examination showed deeply jaun- 
diced sclerae and a palpable liver two fingerbreadths below the costal margin, 
which was not tender. No fluid was present in the abdominal cavity. The spleen 
was barely palpable. The course of the disease was afebrile throughout. The 


TaB_eE 1.—Determination of Total, Free and Cholesterol Ester Content in the 
Blood Plasma and Relation to Other Tests in Case 1 


Liver Fune 
tion Test 
Urine 
Cholesterol Dye Re Van den Bergh 
 Uro- tention, Leterus + 
Total Ester Free bilin Bile 30 Min. Index Direct Indirect 
150 Trace 150 + 
162 57 ink Positive 1:11,000 
214 56 
312 188 2 es a ae 2 Delayed 1:330,000 
positive 


in stool. 


TaB_E 2.—Determinations in Case 2 


Liver Fune- 
tion Test 
Urine — 
Cholesterol - ———--— Dye Re Van den Bergh 
—~ Uro- tention, Ieterus 
Date Total Ester Free  bilin sile 30 Min. Index Direct Indirect 
2/13 260 260 + 3 Negative 1:500,000 
2/24 270 270 2 Negative 1:580,000 
3/ 6 170 56 
3/11 


diagnosis was toxic or infectious hepatitis. The patient improved on a diet high 
in carbohydrates. 

CasE 2.—A boy, aged 13, entered another hospital in October, 1929, with a 
history of lumbar pain, marked icterus and attacks of irregular fever. At that 
time he was found to have a very large liver and a moderately enlarged spleen 
The blood count was normal, and a chemical analysis of the blood gave normal 
results. Evidences of mild hepatic insufficiency were noted; the icterus index 
was 20, and urobilinuria was present. On admission to this hospital, in February, 
1930, a moderately enlarged, tender liver and a large hard spleen were observed: 
the patient was slightly icteric and practically afebrile. The condition of the 
patient improved on a diet high in carbohydrates. Dr. G. Baehr considered this 
case one of obscure liver disease, probably the result of diffuse hepatitis with 
disturbance in the function of the liver. 


CasE 3.—(This patient was seen privately in consultation by Dr. E. Libman, 
through whose courtesy the chemical studies were made). A girl, aged 18, single 
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Date Cent 
4/ 8* 0 
4/10 0 
4/14 35 
4/18* 26 
4/29 40 
5/14 60 
* Urobilin present 7! 
Ester, 
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Cent 
0 
0 
| 67 


86 ARCHIVES OF INTERNAL MEDICINE 


gave a history of gastro-intestinal upset, with the onset of vomiting which later 
became bloody and coffee-ground in nature, deepening jaundice, pruritus, very 
dark urine, light, almost clay-colored stools, slight fever, apathy and drowsiness. 
Percussion showed that the liver was small. The case was considered by Dr. 
Libman to be one of acute yellow atrophy. The patient died a few days later. 
Urinalysis showed marked urobilinuria and bilirubinuria, and by the use of the 
tyrosinase method oi Lichtman and Sobotka1* tryosine was found to be present. 
The total cholesterol in the blood plasma was 90 mg. per hundred cubic centi- 

meters, and the ester fraction of the cholesterol was 0, three days before death. 
Case 4.—In a married woman, aged 34, there was a history of progressive 
enlargement of the abdomen. The condition was first considered to be pregnancy, 
then it was found to be an enlarged liver. On admission, physical examination 
TasLe 3.—Determinations in a Case of Diffuse Hepatitis (Case 4) 


Liver Function Test 


Urine 
Cholestero! - ~ ~ Dye Re- Ester, 
ON _ Uro- tention, Icterus per 
Date Total Ester Free bilin Bile 30 Min. Index Cent 
2/10 210 57 153 + 0 Peer es 27 
3/ 8 Trace o4 Trace 


Tapie 4.—Determinations in a Case of Secondary Congestive Atrophy (Case 5) 


Liver Fune- 


tion Test 
Urine Stool ne 
Cholesterol Dye Re- Vanden Bergh  &Ester, 
Uro- Uro- tention, Icterus per 
Date Total Ester Free bilin Bile _ bilin Bile 30 Min. Index Direct Indirect Cent 
2/13 135 Trace 135 + 0 - ~ ese ra Nega- 1:300,000 0 
tive 
2/26 144 100 + 0 W% 31 
2/99 0 118 0 0 Posi- 126,000 0 


showed a well developed and nourished woman, with icteric sclerae and an 
enlarged liver, which occupied the entire abdomen down to the pubis, and was 
firm, not tender and smooth. Pneumoperitoneum showed a slightly enlarged 
spleen. A blood count and chemical analysis of the blood gave normal results. 
Microscopically, a biopsy of the liver showed a diffuse chronic and acute hepatitis. 
The patient left the hospital shortly afterward. 

Case 5.—A man, aged 37, single, had been injured five months before admis- 
sion in an automobile accident, causing swelling of the right leg. Three months 
after the injury the abdominal girth became noticeably increased. On admission 
to the hospital, this condition was found to be ascites, requiring evacuation. Fol- 
lowing paracentesis, the liver was palpable and was found to be considerably 
enlarged. In view of the swelling of the right lower extremity, due to thrombosis 
of the saphenous vein, the possibility of thrombosis of the hepatic vein was con- 
sidered. There was moderate polycythemia. The patient became drowsy and 


17. Lichtman, S., and Sobotka, H.: J. Biol. Chem. 85:261, 1929. 
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stuporous, definitely jaundiced and slightly feverish. The liver function was 
greatly impaired. Thrombosis in the left cerebral hemisphere developed and the 
patient died in three weeks. Autopsy showed thrombosis of the right saphenous 
vein and of the branches of the hepatic veins. This thrombosis caused secondary 
congestive atrophy of the liver. 

Case 6.—A man, aged 26, single, showed a typical picture of lobar pneumonia 
ot five days’ duration, involving the right and left lower lobes. On admission, 
the patient was in a severely toxic condition with high temperature, and required 
the continuous administration of oxygen. The disease reached a crisis after three 
days, and normal temperature was noted thirty-six hours later. While under 
observation the patient became jaundiced; the liver became enlarged and grew 


Tapsre 5.—Determinations in a Case of Acute Hepatitis (Case 6) 


Cholestero! Urine 
Date Total Ester Free Urobilin Bile per Cent 
44 ne 0 ae 
4.6 200 67 133 + 0 4 
4/ 9 Trace 0 
4/11 202 156 dt 0 0 77 


TasLe 6.—Cholesterol Determinations in a Case of Arsenical Toxic Hepatitis 


(Case 7) 


Liver Fune- 


tion Test 
Urine 
Cholestero! — n — Dye Re- Van den Bergh Ester, 
A—————., Uro tention, Ieterus — per 
Date ‘Total Ester Free bilin Bile 30 Min. Index Direct Indirect Cent 
2/13* 120 oS 82 t 100% 120 Prompt 1:18,000 2 
positive 
2/24 200 125 165 0 40 Delayed 1:330,000 4 
positive 
2/27 282 118 164 0 0 
6 14 106 108 0 0 
13 268 158 150 52 


* Bile present in stool. 


tender, and the urine contained large amounts of urobilin. The condition was 
evidently acute hepatitis. Following the crisis, the jaundice receded. The patient 
was discharged as well. 

Case 7.—A man, aged 20, single, had had syphilis two years previously. He 
was treated with arsphenamine, the last injection having been given nine months 
prior to his admission to the hospital. He had undergone three extensive tattoo 
ing operations; the last one had been performed two weeks preceding admissior 
After this operation there was a mild febrile reaction with loss of appetite and 
weakness. The patient went to bed, and ate practically nothing. Four day 
before admission, the urine became very dark. On admission the patient was 
moderately jaundiced, with an enlarged, tender liver; the spleen was non- 
palpable. The disease followed an afebrile course. The Wassermann reaction was 
negative. There were evidences of marked damage of the liver. Arsenic was 
found in the urine nine months after the last injection of arsphenamine. The case 
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was considered one of arsenical toxic hepatitis precipitated by recent malnutri- 
tion. The patient’s condition improved on a diet high in carbohydrate and low 
in fat. 

CasE 8.—A man, aged 52, was treated for thrombo-angiitis obliterans of four 
years’ duration. He had received intravenous injections of hypertonic saline in 
doses of from 100 to 150 cc. about six times monthly for the past five months 
(thirty injections). Thirty-six hours after the last injection (seven days before 
admission to the hospital), malaise and fever with nausea developed. At that 
time clay-colored stools and dark urine were noted. Two days later definite 
jaundice and pains in the right lower quadrant of the abdomen were observed. 
On admission, the patient was deeply jaundiced; the liver was below the costal 


TaBLeE 7.—Determinations in Case 8 


Liver Fune- 
tion Test 


Urine Stool 
Cholesterol Dye Re- Van den Bergh Ester, 
- Uro- Uro- tention, Icterus per 
Date Total Ester Free bilin Bile _ bilin Bile 30 Min. Index Direct Indirect Cent 
12/16 238 57 181 - ++ +44 70% 1:19,000 24 
12/31 250 70 180 ++ 33% 1:40,000 28 
2/10 220 170 50 0 0 Nega- 1:500,000 77 


TaBLeE 8.—Valuecs for Cholesterol in a Case of Toxic Hepatitis (Case 9) 


Liver Fune- 
tion Test 
Urine Stool 


Cholesterol Dye Re- Van den Bergh Ester, 
Tro- Uro- tention, Ieterus —— 
Date Total Ester Free _ bilin sile —bilin Bile 30 Min. Index Direct Indirect Cent 
4/2 122 0 122 + + ++ ++ 
4/4 aoe ++ ++ 50% 75 Prompt  1:30,000 
positive 
4/8 150 34 116 ++ ve bees = 3 
414 276 134 142 ++ as ones 25 Nega- 1:330,000 49 
tive 


margin and was not tender, and the spleen could not be felt. The case was 
considered one of acute hepatitis resulting from intravenous infusions of hyper- 
tonic saline. The patient was given a diet high in carbohydrates and low in 
fats, with insulin, and he gradually improved. He was discharged as well at the 
end of twelve weeks. 


Case 9—A man, aged 40, married, entered the hospital because of loss of weight 
and generalized adenopathy. Because of restlessness and nervousness, he was 
given 18 grains (1.16 Gm.) of phenobarbital in thirteen days; a diffuse, irregular, 
macular eruption developed with a temperature that ranged as high as 104 F. 
The condition was diagnosed as erythema medicamentosum. There was a per- 
sistent fever. Then an icteric tint to the sclerae and skin developed with bile and 
urobilin in the urine. The patient began to vomit; jaundice increased, with dimi- 
nution in the size of the liver. There was no history of the administration of 
arsenic. The condition gave the impression of being toxic hepatitis or acute 
yellow atrophy. With the continuous intravenous injection of dextrose and a 
diet high in carbohydrates the patient improved gradually. 
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CasE 10.—A woman, aged 31, married, suffered from attacks of painful joints, 
rash, conjunctivitis and puffiness of the lower lids, lasting from three to five weeks 
and recurring every three weeks. In February, 1930, the patient was given cin- 
chophen tablets, 5 grains (0.324 Gm.), three times daily for three weeks. Then 
medication was stopped for six weeks. In April, she was given 5 grain cinchophen 
tablets three times daily for five days. After ten tablets had been administered, 
generalized pruritus developed with dark-colored urine, containing bile. Ten days 
after the administration of the last tablet, icteric sclerae and skin and whitish 
stools were noted. For from four to five days before admission, there was a fever 
ranging from 100 to 104 F. with chilly sensations. Physical examination showed 
marked jaundice, and at a hand's breadth below the costal margin the liver was 
firm, smooth and not tender. The spleen was palpable. The condition was con- 
sidered one of toxic hepatitis or of early yellow atrophy following medication 
with cinchophen. The patient was put on a diet high in carbohydrates, and 
improved. 


TABLE 9.—Determinations in a Case of Toxic Hepatitis (Case 10) 


Liver Fune- 
tion Test 
Stool 
Cholesterol -— ~——, Dye Re- Vanden Bergh Ester, 
A 


Uro- Uro- tention, Ieterus -— per 
Date Total Ester Free bilin Bile  bilin Bile 30 Min. Index Direct Indirect Cent 
5/ 7 sue + 60% 100) Prompt 1:12,000 
positive 
5/16 coe ane - + 100) Delayed 1:50,000 
positive 


A perusal of the aforementioned results shows several interesting 
observations. In case 1, in which the condition was evidently catarrhal 
icterus or toxic hepatitis, the total cholesterol of the blood was normal, 
whereas the cholesterol ester was practically nothing at the onset of the 
disease at the time when the liver function was markedly diminished, as 
evidenced by the urobilinuria, the considerable retention of the injected 
dye and the high icteric index. On a diet high in carbohydrates, there 
was a gradual improvement in the condition, and with this a gradual 
rise in the absolute and relative values for ester, until, before discharge, 
the percentage of the ester was normal. The second case was one of 
diffuse hepatitis of obscure origin, with urobilinuria and retention of 
dye. The cholesterol ester was entirely lacking in the beginning, but 
with improvement in the general condition of the patient, the ester 
portion rose to 67 per cent of the total cholesterol, which is the normal 
ratio of ester to total cholesterol. Case 3 was clinically considered as 
one of acute yellow atrophy, with the presence of tyrosine in the urine. 
The blood plasma showed a low total cholesterol of only 94, and the 
ester portion was entirely missing. Case 4 presented a puzzling problem. 


5/26 312 170 142 + + 100 Posi- 1:50,000 
tive 
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The only observations were urobilinuria and a tremendously enlarged, 
smooth liver; the icterus index and the dye retention test of the liver 
were normal. However, the values for cholesterol ester were relatively 
and absolutely low at first and then disappeared. There seemed to be 
some discrepancy here, since the test for liver function showed a nor- 
mally functioning liver, whereas the ester disappearance pointed to con- 


siderable damage. However, a laparotomy was performed and the 
Inopsy of the liver showed a diffuse chronic and acute hepatitis, thereby 
confirming the impression of liver damage as evidenced by the low ester 


values. In case 5, with the interesting condition of thrombosis of the 


hepatic veins and the subsequent congestive atrophy of the liver, there 
was noted at first a trace of ester, but shortly thereafter a total disappear- 
ance of the cholesterol ester followed by the death of the patient ina few 


days. In case 6, a typical lobar pneumonia, with some damage of the 
liver, developed, as shown by the urobilinuria and jaundice. The total 
cholesterol in the blood plasma was within normal limits, and the 
cholesterol ester was depressed, but not markedly. This seemed to point 
to a mild hepatitis, especially as the ester returned to normal in five 
days and the patient became well. Cases 7, 8, 9 and 10 are all instances 
of acute hepatitis following medication. In each case there were ample 
evidences of severe damage of the liver, such as jaundice, urobilinuria, 
a high icterus index, or marked retention of the dve in the brom- 
sulphalein test. The figures for cholesterol ester in the blood plasma 
were either considerably depressed or zero, seemingly dependent on 
the severity of the damage. With the institution of diets high in 
carbohydrate, the cholesterol esters rose until they reached normal 
absolute and relative values, the rise being concomitant with the gradual 
improvement in the condition of the patients. 


Of particular interest is the fact that in cases 1, 6, 7, 8. 9 and 10, 
concomitantly with the clinical improvement and the regression of the 
evidences of damage of the liver, the total cholesterol and the ester figures 
rose beyond those found in normal blood plasma. This significant obser- 
vation is being further studied. Apart from the theoretical side, it 
already has a value in demonstrating that unless cases are followed from 
beginning to end, the figures for the cholesterol and its ester, taken at 
varving times in the course of a given disease process, might give diverse 
results to different observers. A single analysis taken at random might 
yield a distorted picture of the condition, owing to the early restoration 
of the ester fraction during periods of recovery (see cases 1, 6, 9 


and 10). 


GROUP 2: ATROPHIC CIRRHOSIS OF THE LIVER 


This type of hepatic disease, a process slow and long drawn out in 
its evolution, and in which there is ample time for regeneration, offers 
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a contrast to the rapidly progressing acute parenchymatous damage of 
the liver. Table 10 comprises the chemical determinations in these cases. 
A brief summary of the clinical history and physical observations is 
given. 


Case 1—A man, aged 39, single, had been admitted to the hospital three 
years previously with a history of chronic alcoholism, morning retching, vomiting, 
increasing weight and loss of strength. Ascites was present. He used alcohol 
to excess. Three months prior to the second admission to the hospital there were 
slight painless hematemesis and melena, morning retching and soreness of the 
epigastrium. The edge of the liver was palpated three fingerbreadths below the 
costal margin; it was smooth, rounded and not tender. Ascites was not present 
The Wassermann reaction was negative. Four vears prior to admission and on 
admission the case was considered one of alcoholic cirrhosis of the liver. 


TABLE 10.—Chemical Determinations in Four Cases of Atrophic Cirrhosis of 
the Live) 


Liver Func 
tion Test 
Urine 
Cholesterol ——__~——, Dye Re- Van den Bergh Ester, 
Ke 


-- Uro- tention, Ieterus — - per 
Case Total Ester Free bilin Bile 30 Min. Index Direct Indirect Cent 
1 190 100 90 ‘ 53 
160 108 52 ( Negative 1:500,000 
208 140 68 
195 ++ Trace Delayed 1:100,000 
positive 
210 114 Faint 25% 
trace 


Case 2.—A widow, aged 61, had a history of repeated alcoholic sprees for 
the past five years, with epigastric distention, belching and other disturbances. 
There was no melena or hematemesis. Before admission, incessant vomiting and 
jaundice developed, following repeated sprees. ‘The patient entered the hospital 
with a subicteric tint to the sclerae and skin, and an enlarged, hard and irregular 
liver. The spleen was not palpable. A roentgenogram of the gastro-intestinal 
tract was negative. The impression gained was that the condition was cirrhosis 
of the liver. 

CasE 3.—A man, aged 64, single, had a history of unlimited indulgence in 
liquor for many years. Six weeks before admission, swelling of the lower 
extremities was noted; three weeks later rapid swelling of the abdomen, poor 
appetite and abdominal cramps were observed. On admission the following 
observations were made: slight icterus, enormous ascites, enlarged superficial 
veins, scleroderma of the lower extremities, absence of axillary and pubic hair, 
diminutive genitalia and peculiar thin skin, suggestive of the constitutional type 
seen in cirrhosis. After paracentesis of 10 liters (1 Kg.) of clear fluid, a 
coarsely irregular edge of the liver and the spleen were felt. The fluid rapidly 
reaccumulated, followed by death. Autopsy showed atrophic portal cirrhosis with 
adenoma. 

Case 4.—In a widow, aged 40, jaundice developed following an alcoholic spree 
six weeks before admission. The condition was painless, and it was accompanied 
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by light-colored stools. On admission, the liver was found to be enlarged four 
fingerbreadths below the costal margin. The spleen was palpable, and there was 
moderate jaundice. The gastro-intestinal series was negative. The case was 
considered typical of cirrhosis of the liver. 

In this group of cases of atrophic cirrhosis, it will be seen that 
the cholesterol in the blood plasma lies within normal limits for the 
total values as well as for the ester portion. This preservation of the 
ability of the liver to esterify the free cholesterol agrees with the 
general observations that in uncomplicated cases of cirrhosis of the liver 
—in noncholemic stages—the functions of the liver are very little 
impaired. This is in agreement with the observations of Adler and 
Lemmel, who also found normal or only slightly lowered values for 
cholesterol and for ester in the blood in cases of cirrhosis of the liver, 
in which the patients were not in the precomatose or comatose condition. 


COMMENT 

The most striking changes have been encountered in the values for 
cholesterol ester of the plasma. The figures for cholesterol ester have 
run more or less paralle! to the severity of the damage, as measured by 
the general condition of the patient and the signs of damage of the liver 
commonly employed, namely, urobilinuria, jaundice, increased icterus 
index and abnormal retention of bromsulphalein. When the damage 
has been most severe, the ester fraction has been markedly depressed 
or even entirely absent, and when there has been improvement in the 
cases, the ester values have risen until, relatively and absolutely, the 
normal proportions have been reached. 

To account for this phenomenon the suggestion has been made that, 
with acute diffuse parenchymatous damage, the liver loses its function to 
esterify the free cholesterol with the fatty acids, and that this property 
of the liver is a sensitive one and readily disturbed. It is also con- 
ceivable that through such damage of the liver the ester might disappear 
through an enhanced enzymatic activity resulting in increased splitting 
of the cholesterol ester. However, it seems more probable that the 
disappearance of the cholesterol ester is due to the loss of the ability 
of the liver to esterify the free cholesterol. 

In four cases of atrophic cirrhosis of the liver, in which the damage 
to the liver was not appreciable and in which the process slowly 
developed with an opportunity for ample regeneration, the functions of 
the liver were not markedly disturbed. Concomitantly, it will be seen 
that the values for cholesterol, both total and ester, have been within the 
normal or slightly subnormal range. 


From this series of cases, and from the work of certain authors 


previously mentioned, it can be seen that the values for cholesterol ester 
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in the blood plasma seem to parallel other evidences of damage otf the 
liver and that the depression or disappearance of the ester goes hand in 
hand with the reduced function as estimated by the other tests for liver 
function. It seems, therefore, that through the simple determinations 
of the total cholesterol and cholesterol ester, on from 1 to 2 ce. of fasting 
blood plasma, one might find a way to climinate the tedious and com- 
plicated methods of testing the liver function, especially since by this 
most convenient method, repeated values can be obtained at short 
intervals throughout the entire process of the disease. It will be found 
to be not only of diagnostic but also of some prognostic aid. 

Studies are now being directed to the cases of calculous disease, with 
and without complications of hepatic disease and infection, im an 
attempt to arrive at a convenient means of estimating the amount of 
damage of the liver caused by the stasis in the biliary passages. 


SUMMARY 


1. An added insight into the complex problem of liver function seems 
to be gleaned from the determination of the total and cholesterol ester, 
a simple method that requires only from | to 2 cc. of blood plasma, and 
that can be repeated throughout the course of the disease. 

2. Ten cases of acute diffuse parenchymatous damage of the liver 
have been studied. The cholesterol ester values in the blood plasma were 
found to be diminished or entirely absent, corresponding with the 
severity of the diseased process. With the improvement in the condi- 
tion the ester values rose to their absolute and relative normal propor- 
tions. This progress as revealed by the ester values paralleled in large 
measure the general condition of the patient and the other liver function 
tests. 

3. In four cases of atrophic cirrhosis of the liver, with its slow 
evolution, slight damage and ample regeneration, the cholesterol par- 
tition was normal. 


4. The ester values seem to offer some means of diagnosing paren- 
chymatous damage of the liver and, when repeated during the course 
of the disease, some prognostic significance. 


q 
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POLYCYTHEMIA VERA AND CHRONIC 
PULMONARY DISEASE * 


NELSON W. BARKER. 


ROCHESTER, MINN. 


Weber’ divided cases of polycythemia into three groups: 
relative polycythemia due simply to concentration of the blood; ( 
secondary polycythemia due to high altitude, cardiopulmonary disease, 
blood stasis in other organs or toxemia, such as poisoning by phos- 
phorus, and infectious diseases and (3) true erythremia due to primary 
idiopathic excessive erythroblastic activity in the bone marrow. 

Polyeythemia vera (erythremia, Vaquez’ disease or Osler’s disease ) 
has been defined as a “morbid condition, characterized by a well marked. 
persistent relative and absolute polycythemia, due to an excessive 


erythroblastic activity of the bone marrow which appears to be the 


primary morbid factor.” As to the agent or mechanism responsible for 
this disturbed function of the bone marrow, there is only speculation. 
Osler suggested that eventually all types of polycythemia would be 
found to be secondary. Even if this proves to be correct, it may be 
assumed that the polycythemia in some cases constitutes a simple 
response to increased demand on the blood for oxygen-carrying power 
and is therefore beneficial, and that in other cases it progresses to the 
point of causing symptoms and even menacing the patient’s life through 
the extensive changes in the character and volume of the blood. 
Harrop * advanced the suggestion that if there is an abnormal stimulus 
which provokes the bone marrow to excessive erythroblastic activity, 
there may be a tremendous variation in the individual responses: and 
that if an unbalanced proliferation has once been started, it may become 
impossible to restore the normal mechanism, in some cases at least, even 
if the original stimulus is removed. 

The work on the volume of the blood. particularly that done by the 
use of dyes—vital red as used by Keith, Rowntree and Geraghty,* and 


* Submitted for publication, July 13, 1930 

*From the division of medicine, the Mayo Clinic, 

* With the technical assistance of Grace M. Roth. 
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congo red as used by Harris,* Griesbach,® and Rowntree and Brown ° 

has introduced a new method of approach in the diagnosis of polycy- 
themia. Brown and Giffin,” and Rowntree and Brown found striking 
increases in the volume of the blood by this method in cases of poly- 
cythemia. Lemon®* recently reported studies of the volume of the 
blood by the same method in twelve cases of chronic bronchitis and 
emphysema associated with significant grades of cyanosis. Further 
evidence of anoxemia was indicated by the saturation of oxygen in the 
arterial blood in seven of these cases; it varied between 83 and 93 
per cent, definitely below normal. The lowest values for volume blood in 


the group of polycythemia were 117 cc. for each kilogram of body 


weight and 4,300 cc. for each square meter of body surface, whereas 
the highest values in the group of chronic pulmonary disease were 103 


Tas_e 1.—Summary of Statistics of Blood Volume Obtained by the Use of 
Congo Red 


Blood Volume, Blood Volume, 
Ce. for Each Kg. of Ce. for Each Sq. M. of 
Body Weight 3ody Surface 


A 


Authors Diagnosis Cases Mean High Low Mean = High Low 


Rowntree and Brown.... Normal subjeets..... 74 87. 107 66 3,278 4,050 2,685 
Brown and Giflin.. ‘ Polycythemia vera... 14 209 117 5,850 7,650 4,300 
Rowntree and Brown.... Polyeythemia vera... 50 246 121 6,056 8,660 4,540 


Lemon....... . Chronie pulmonary 
disease with cyanosis 12 103 $2 2,367 3,700 2,990 


cc. for each kilogram of body weight and 3,700 cc. for each square 
meter of body surface, which are within normal limits (table 1). 
Lemon’s twelve cases provided strong evidence that chronic anoxemia 
of the arterial blood due to pulmonary disease does not produce a 
significant increase in the volume of the blood. He also mentioned two 
cases in which the volume was high; in these cases there were 
splenomegaly, chronic pulmonary disease and cyanosis. He considered 
that these were cases of polycythemia vera with associated pulmonary 
disease. 


4. Harris, quoted by Rowntree and Brown (footnote 3). 

5. Griesbach, W.: Ein klinisch brauchbare Methode der Blutmengenbestimm 
ung, Deutsche med. Wchnschr. 47:1289 (Oct. 27) 1921. 

6. Rowntree, L. G., and Brown, G. E.: The Volume of the Blood and Plasma 
in Health and Disease, Philadelphia, W. B. Saunders Company, 1929, p. 209. 

7. Brown, G. E., and Giffin, H. Z.: Studies of the Vascular Changes in Cases 
of Polycythemia Vera, Am. J. M. Sc. 171:157 (Feb.) 1926. 

8. Lemon, W. S.: A Study of the Effect of Chronic Pulmonary Diseases on 
the Volume and Composition of the Blood, Ann. Int. Med. 3:430 (Novy.) 1929 
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It is my object in this paper to report four cases in which there 
were definite polycythemia and pulmonary disease and to consider them 
from the standpoints of diagnosis, pathogenesis and results of treatment 
by destruction of blood. 

REPORT OF CASES 


Case 1.—A Chinese cook, aged 40, from Deadwood, S. D., came to the clinic 
on April 9, 1928, complaining of increasing dyspnea and exhaustion on exertion, 
of three years’ duration, which gradually became so severe that he could walk 
no more than four blocks without resting. He had been subject to frequent attacks 
of respiratory infection with short attacks of cough, asthma and dyspnea during 
most of his life. He had had a swelling of the ankles for one year, and this had 
increased until it involved the entire lower extremities, the lower portion of the 
abdomen and the back. 

General examination disclosed cyanosis, which was detectable in spite of the 
patient’s naturally dark skin, generalized edema of moderate degree and a slight 
enlargement of the liver and the spleen. There was enlargement of the heart 
to the right and left with distant heart tones and a soft systolic murmur at the 
apex. There were scattered moist rales at the base of both lungs. The blood 
pressure was 110 systolic and 70 diastolic in millimeters of mercury. The first 
Wassermann test of the blood gave a weak positive reaction but five subsequent 
tests gave negative reactions; one Wassermann test of the spinal fluid was 
negative. Analysis of the blood showed: the concentration of the hemoglobin at 
19 Gm. per hundred cubic centimeters, 5,290,000 erythrocytes and 4,200 leukocytes 
in each cubic millimeter of blood. Fluoroscopic and stereoscopic roentgenographic 
examinations of the thorax gave negative results. The electroca-diogram showed 
evidence of right ventricular preponderance, and there were inverted T waves in 
all three derivations. The hematocrit reading showed 70 per cent cell and 174 cc. 
of blood for each kilogram of body weight. At this time the patient was treated 
with digitalis and theophylline-ethylene diamine, and he gradually improved in a 
month. He became free from edema, was much less dyspneic and was able to 
walk a mile without shortness of breath. The cyanosis, however, persisted. 

The patient returned to the clinic on October 1, after changing his residence 
to Salida, Colo. (altitude 7,000 feet [2,000 meters]). He stated that the dyspnea 
had returned six weeks previously, followed by a cough and edema as before. 
Examination revealed marked cyanosis, marked dyspnea and dilated conjunctiva! 
veins. The heart was definitely enlarged, especially to the right. There was a 
systolic murmur at the apex and in the pulmonic area. The heart tones were 
somewhat muffled. The thorax was emphysematous with poor expansion. Harsh 
breath sounds were heard over the upper part of the thorax, and many coarse 
rales were heard over the base of both of the lungs. The edge of the liver was 
3 cm. below the right costal margin, and the spleen was not palpable. There was 
slight but definite edema of the lower part of the legs. The blood pressure was 
100 systolic and 60 diastolic. The Wassermann reaction of the blood was again 
negative. The electrocardiogram gave evidence of a right ventricular preponder- 
ance, and there were inverted T-waves in deriyations IT and ITI. 

The patient was treated with ammonium nitrate and theophylline-ethylene 
diamine, and was given 0.5 cc. of salyrgan intravenously, after which there was 
marked diuresis and disappearance of the edema. The respiratory symptoms and 
cyanosis persisted. He was then given 0.1 Gm. of phenylhydrazine three 
times a day until a total of 2.8 Gm. had been given. The decrease in the number 
of erythrocytes and the volume of bleod and the relief from respiratory symptoms 


were striking, as shown in table 2. 
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Comment.—The pathogenesis in this case is not entirely clear. The 
history was one of chronic recurrent respiratory disease culminating in 
cardiac decompensation. The observations were those of failure of the 
right side of the heart and advanced pulmonary disease with marked 
cyanosis and polycythemia out of all proportion to what one might expect 
as a compensatory phenomenon. This clinical picture was similar to that 
described as Ayerza’s disease. There is much disagreement in the liter- 
ature regarding the exact definition of this condition.  Arrillaga ° 
expressed the belief that syphilitic arteritis with occlusion of the pul 
monary arterioles is the essential lesion, but that chronic bronchitis 
might precede this process for a number of years. Cheney '° expressed 
the belief that primary chronic bronchitis followed by superimposed 
syphilitic pulmonary arteritis produced the clinical picture. Recently, 


TaBsLe 2.—Data in Case 1 


Ce. for 
¥, Ve 


M. of Body 


lume, 


Vital Capacity 
Symptoms, Grade 


Time of Observations 


1 
i 


Before treatment with pheny! 3 Cough, 2 
hydrazine Dyspnea, 
Cyanosis, 


Two weeks after course of 12.0 3 } 3,495 Cough, 1 
phenylhydrazine was completed Cyanosis, 1 


the influence of syphilis has been questioned, and cases have been 
reported in which there was no evidence of syphilis. Moschcowitz 

considered such a clinical syndrome as best called hypertension of the 
pulmonary circulation and expressed the belief that the bronchitis is 
usually primary and the vascular disease secondary to this hypertension. 
[t is difficult, if not impossible, to make a definite diagnosis of Ayerza’s 
disease during life. Polycythemia in these cases, as evidenced by a high 
erythrocyte count, is considered a cardinal symptom, but data con- 
cerning blood volume in proved cases of Ayerza’s disease are lacking. 


In case 1, there is evidence of hypertension of the pulmonary circulation 


9. Arrillaga, F. C.: La Arteritis Pulmonar y su Cuadro Clinico, Buenos 
Aires, 1925. 

10. Cheney, Garnett: Ayerza’s Disease, Am. J. M. Sc. 174:34 (July) 1927. 

11. Moschcowitz, Eli: Hypertension of the Pulmonary Circulation; Its Causes, 
Dynamics, and Relation to Other Circulatory States, Am. J. M. Sc. 174:388 
(Sept.) 1927. 
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but it is not possible to rule in or out the presence of organic pathologic 
changes in the pulmonary arteries; hence I hesitate to use the term 
Ayerza’s disease. In any event, the polycythemia was extreme as evi- 
denced by the blood volume, hematocrit readings and viscosity; it was 
felt that this constituted a menace to an already weakened heart and 
embarrassed pulmonary circulation. It would seem that this conception 
was justified by the response to treatment by phenylhydrazine. I 
believe that the case should be considered one of polycythemia vera 
hecause of the high blood volume, although the question of chronic 
pulmonary disease with anoxemia as the original stimulus to the bone 
marrow cannot be excluded. 


Tasre 3.—Data in Case 2 


. for Fach 
for 


(Acid 


Erythrocytes, Millions 


>. 


Time of Observations 


Cells by Hematocrit, 


per Cent 


Blood Viscosity 


1 
' 


4 
=] 


= \ ital Capacity, Ce 
Symptoms, Grade 


Before treatment with 25.0 Dyspnea, 3 

phenylhydrazine Asthma, 3 
Cyanosis, 3 
Headache, 2 


Five days after second 192 4.81 i 152 5,300 re 2 730 None 
eourse of phenylhydra- 
zine was completed 


Case 2.—A Swedish laborer, a resident of Denver (altitude 5,200 feet [1,500 
meters] ), came to the Mayo Clinic on June 24, 1929, complaining of dyspnea and 
asthma. He had noticed blueness of the hands and the face for seven years, and 
during that time he had had occasional attacks of dyspnea and tightness in the 
thorax. Three years previously he had pneumonia followed by recurrent 
asthmatic and dyspneic attacks with a productive cough. These had gradually 
increased in frequency and severity. Ten months prior to his visit to the clinic 
he consulted a physician because of headaches and redness and soreness of the 
eves. Hematuria was found at that time. Venesection was done several times, 
which resulted in weakness but temporary relief from the thoracic symptoms. He 
lost 25 pounds (11.3 Kg.) in weight in ten months and had not worked during 
that time. 
General examination disclosed marked cyanosis of the entire body, particularly 
i the face and the hands, with deep purplish-red lips and oral mucosa. The con- 
junctival veins were engorged. The large superficial veins all over the body 
were prominent. The patient was very dyspneic even while at rest with wheezing 
asthmatic respiration. The thorax was emphysematous with poor expansion and 
hyperresonance. Expiratory musical rales were heard throughout the lungs. The 
heart was slightly enlarged, and the radial arteries were definitely sclerosed on 
palpation. The spleen was not palpable. The blood pressure was 120 systolic and 
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85 diastolic. The urine contained albumin, grade 2, and erythrocytes, grade 3 
Roentgenographic examination of the kidneys gave negative results. Roentgeno- 
graphic examination of the thorax gave evidence of marked fibrosis of both lungs 
with localized bronchiectasis of the left lower lobe. The electrocardiogram 
indicated the presence of a right ventricular preponderance and a slightly delayed 
conduction time. 

The patient was given two courses of phenylhydrazine hydrochloride, 0.1 Gm 
three times a day, with a period of rest of two weeks between courses. The 
first course totaled 1 Gm. and the second 1.6 Gm. Although the reduction in 
blood was not striking, the symptomatic relief was definite. Rest may have played 
some part in the latter, since the patient was kept in bed during the first course 
of phenylhydrazine. The results are given in table 3. 


Tasre 4. 


for Fach 
for 


(Acid 
100 Ce, of Blood 


ume, Ce. 


h Kg. of Body 


geht 


natin), ¢ 
od Vo 
lood Viseosits 


Time of 
Observations 


Hemoglobin 

H 

per Cent 

Vital Capacity, Ce. 


Symptoms, Grade 


efore treatment 25.0 


= 


Dyspnea on 
exertion, 1 
Cyanosis, 2 


of legs, 2 


Nine days after 10.2 a 3 { 3 ’ oa Edema of legs, 
course of phenyl- slight; uleer 
hydrazine was 
completed 


almost healed 


Comment.—Ilt the history is reliable in this case, polycythemia pre- 
ceded the bronchitis and asthma. I consider this case one of polycy 
themia vera in which the pulmonary condition was cither an unrelated 
complication or secondary to stasis of the pulmonary circulation. ‘There- 
fore, the patient was treated by destruction of blood, cautious!) 


because of asthma and cardiac embarrassment. 


Case 3.—A coal miner, aged 49, of Superior, Wyo. (altitude 6,500 feet [1,900 
meters]), came to the Mayo Clinic on Nov. 26, 1929, complaining of swelling 
of the legs, varicose veins and an ulcer of the lower part of the rig 
father had died of “miner’s asthma.” The patient’s color had been dusky 
least eleven years: it had been much worse during frequent respiratory infe 
in 1918, 1927 and 1928 he had had pneumonia, during whi 


black as a Negro.” He had moderate dyspnea on exertion since 
of pneumonia. He had known of the varicose veins j 
least ten years, and there had been pigmentation of the lower part of 


for at least six years. After the pnew t in 1928, he had phlebitis of both 
legs, with considerable pain and edema, and since 1 time his legs hac 
considerably swollen at the end of the lay A spontaneous ulcer devel | 


the right internal malleolus in the month prior to 


ata in Case 3 
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The color of the face and body was ruddy and cyanotic, and there was 
purplish cyanosis, grade 3, of the lips. The conjunctival veins were dilated and 
all the larger superficial veins of the body were prominent. There were varicose 
veins, grade 3, of the right leg and grade 2 of the left leg with much pigmentation 


1 


lower part of both of the legs. There was edema, grade 2, just above 


over the 1 
lean, granulating ulcer, 2 cm. in diameter, just above 


both of the ankles and a c 
the right internal malleolus. Examination of the heart, the lungs and the abdomen 
gave negative information. The spleen was not palpable. Roentgenographic 
examination of the thorax gave evidence of diffuse fibrosis of the lower half of 
both of the lungs, apparently pneumonoconiosis. The electrocardiogram indicated 
the presence of right ventricular preponderance, but otherwise the evidence was 
negative. The patient was given 2.7 Gm. of phenylhydrazine over a period of nine 
days. A marked decrease in the erythrocyte count and in the blood volume 
if the leg and disappearance of the 


resulted with improvement in the condition 


cyanosis, as shown in table 4. 


Taste 5.—Data in Case 4 


= = 


lood Viseosity 


Time of 


Observations 


Erythrocytes, Millions 
Cells by Hematoerit, 
Symptoms, Grade 


Cough, 2 
Dyspnea, 1 
Asthma, 2 
Headache, 2 
Pain in thorax, 2 


ot 


One week after 19.5 4.55 a 8s 3,700 4 4,000 Cough, 1 
course of phenyl 

hydrazine was 

completed 


Comment.—The question as to whether the polycythemia or the 
respiratory disease was the first episode in this case cannot be answered. 
It would seem that cyanosis was first definitely noticed at the time of the 
first attack of pneumonia. In any event, the polycythemia was out of all 
proportion to what one might expect from the pulmonary disease. The 
question was raised as to whether this patient's blood should be reduced 
at all, since he had so few symptoms, but the high blood volume as an 
added factor in producing increased venous pressure and edema in the 


legs seemed to justify this method of treatment. 


Cast 4—A Russian farmer from Kamsack, Saskatchewan (altitude 2,000 
feet [600 meters]), aged 43, registered at the Mayo Clinic on Dec. 23, 1929, with 
the complaint of dyspnea and headaches. His face had been dusky red for at 
least three years, and he had ln. a chronic cough for three years with paroxysms 
at night. For one year there had been increasing dyspnea on exertion and attacks 
of nocturnal dyspnea and orthopnea with the coughing spells. Occasionally he 
had attacks of substernal pain radiating into both sides of the thorax after 


4 
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exertion, and these were relieved by rest. For six months he had had pain in 
various parts of the head, especially after exertion and in hot weather. 

The patient was large and obese with ruddy cyanosis of the face and the hands 
There was marked telangiectasis of the cheeks. The veins of the conjunctiva were 
dilated and the lips and oral mucosa were a deep, bluish red. The thorax was 
thick in the anteroposterior diameter, with poor expansion, hyperresonance, distant 
breath sounds, prolonged expiration and many dry musical and coarse moist 
rales. Examination of the heart gave negative information. The abdomen was 
obese, and the spleen was barely palpable. There was sclerosis, grade 1, of the 
radial arteries. The veins of the ocular fundi were dilated. A roentgenogram 
gave evidence of considerable fibrosis of both lungs. 

The patient was given 2.1 Gm. of phenylhydrazine over a period of one week 
Symptomatic improvement was observed after the first three days of the treat 
ment and was continued during the entire period of observation. The results 
are given in table 5. 

Comment.—In this case, with blood volume of only 105 ce. for each 
kilogram of body weight, the diagnosis of polycythemia vera may be 
questioned since this figure is within the normal limits and only 2 ce. 
higher than the highest figure in Lemon’s series (table 1). However, 
the patient was definitely obese, and therefore the volume for each square 
meter of body surface is much more accurate for comparative purposes, 
as shown by Rowntree and Brown in their table of normal blood volume. 
The blood volume for each square meter of body surface, in this case, 
was 4,655 cc. and would fall definitely into the group of polycythemia 
vera. The response to treatment by phenylhydrazine was good from 
both the symptomatic and objective standpoints. 


COMMENT 

Cases in which both polycythemia and chronic pulmonary disease are 
present may be considered in four groups in regard to the relative 
pathogenesis. In group 1 are cases of primary pulmonary disease with 
compensatory polycythemia. Such a condition apparently was present in 
a number of Lemon’s cases in which the concentration of hemoglobin, 
the number of erythrocytes and the percentage of cells as determined 
by the hematocrit were all high. However, the blood volume in these 
cases was within normal limits, and until additional data are presented, 
I shall believe that high blood volume is not produced as a compensatory 
phenomenon and, if present, represents either overcompensation or an 
independent condition. 

In group 2 are cases of primary pulmonary disease initiating 
polycythemia which progresses beyond the point of a compensatory 
response to produce symptoms and to become a rrenace in itself. In such 
cases the blood volume may be high. As Harrop has said, only certain 


persons might be capable of such a response of the bone marrow 
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In group 3 are cases of polycythemia vera with complicating but 
unassociated pulmonary disease. Here it might be assumed that the 
condition in the lung had no influence on the blood, or again, that it 
might be enough of an added factor to convert an already existent mild 
polycythemia vera into a severe polycythemia vera. 

In group 4 are cases of polycythemia vera causing or predisposing 
to pulmonary disease. Harrop stated that dyspnea on exertion is fre- 
quently observed in polycythemia vera even in the absence of cardiac 
or pulmonary disease, that reduced vital capacity and pulmonary conges- 
tion are not uncommon and that many of these patients acquire respira- 
tory infection easily. It is also possible that a vicious circle might be 
set up, each of the conditions tending to aggravate the other. 

In a case in which chronic pulmonary disease and elevation of 
the hemoglobin and erythrocyte count are present, the most important 
consideration would seem to be whether the polycythemia was compen- 
satory, and therefore beneficial and to be left alone, or whether it was 
excessive, productive of symptoms or of danger to the patient and 
therefore to be treated. The height of the blood volume appears to be 
a definite way of determining into which group the case falls, thereby 
separating the cases in group 1 from those in groups 2, 3 and 4. 

‘There were certain noteworthy features in the four cases presented. 
An enlarged spleen was not an outstanding observation. In case 1, 
there was slight but definite enlargement. In cases 2 and 3, the spleen 
was not felt. In case 4, enlargement was questionable. In most cases 
of uncomplicated polycythemia vera the spleen is definitely enlarged. 
The influence of the occupation of the patient on the pulmonary disease 
is worthy of consideration since two of the men had been miners and 
the third had worked as a cook in a mining camp. Furthermore, there 
is the question of the influence of altitude. The patients in the first 
three cases lived at definitely high altitudes, and the patient in the 
fourth case lived at a moderately high altitude. 

The method used for destruction of the blood, namely, the adminis- 
tration of phenylhydrazine hydrochloride, was first described by 
Eppinger and Kloss,’ in 1918, in Germany, and by Owen,’* in 1924, in 
the United States. Brown and Giffin,"* in 1926, reported successful 

12. Eppinger, H., and Kloss, K.: Zur Therapie der Polysythamie, Therap. 
Monatschr. $2:322, 1918. 

13. Owen, Trevor: A Case of Polycythaemia Vera with Special Reference to 
the Familial Features and Treatment with Phenylhydrazine, Bull. Johns Hopkins 
Hosp. 35:258 (Aug.) 1924. 

14. Brown, G. E., and Gifhn, H. Z.: The Treatment of Pelycythemia Vera 
(Erythremia) with Phenylhydrazine, Arch. Int. Med. 38:321 (Sept.) 1926. 
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treatment with phenylhydrazine in seven cases of polycythemia vera. 
Giffin,'® in commenting on the treatment of polycythemia vera, con- 
sidered it the most satisfactory form of treatment for patients aged 
less than 60 years in whom the condition is not far advanced and who 
can be treated as ambulatory patients. It is recognized that the drug is 
potent and that it should be used with caution. Accidents during its 
administration have been described by Giffin and Conner.'® In the 
cases reported here, untoward results were not seen. 

The relief of respiratory symptoms, as well as those solely due to the 
polycythemia, was definite in all the cases and would tend to show that 
pulmonary congestion from the polycythemia was a definite added load 
to the chronic pulmonary disease. 


SUMMARY 

Four cases of polycythemia and chronic pulmonary disease with 
blood volume comparable to that seen in polycythemia vera are reported. 
Treatment in these cases was by the administration of phenylhydrazine 
hydrochloride; there was a definite reduction in the blood volume with 
clinical subjective and objective improvement. Because of the high 
blood volume and a good response to treatment by destruction of blood, 
these cases are best considered as polycythemia vera with associated or 


complicating pulmonary disease. 


15. Giffin, H. Z.: The Treatment of Polycythemia Vera (Erythremia) in 
Billings and Forscheimer: System of Therapeutics (suppl.), New York, D 
Appleton & Company, 1929, p. 461. 

16. Giffin, H. Z., and Conner, H. M.: The Untoward Effects of Treatment by 
Phenylhydrazine Hydrochloride, J. A. M. A. 92:1505 (May 4) 1929 


CHEMISTRY AND METABOLISM IN EXPERIMENTAL 
YELLOW FEVER IN MACACUS RHESUS MONKEYS 


III. BLOOD SUGAR AND LIVER GLYCOGEN * 


A. MAURICE WAKEMAN, M.D. 
AND 
CLARE A. MORRELL, A.M. 
NEW HAVEN, CONN. 


It is apparent from the results reported in previous papers of this 
series,' that the hepatic functions of urea formation and deaminization 
are considerably deranged in the terminal stages of yellow fever. These 
derangements are not apparent earlier in the course of the disease and 
do not occur in animals that eventually recover. 

The liver also plays an important part in carbohydrate metabolism, 
serving as a reservoir for glycogen and regulating the concentration of 
blood sugar. Its significance in this respect is evidenced in the inability 
of dehepatized animals to maintain blood sugar at normal levels, with 
the consequent development of hypoglycemic shock. Other experimental 
procedures, such as the exclusion of the blood supply to the liver or 
the administration of hepatic poisons, have almost invariably resulted 
in terminal hypoglycemia. Since the liver suffers extensively from the 
yellow fever virus, one would expect changes in the blood sugar and 
glycogen content of the liver as a result of the hepatic lesions. The 
experiments reported in the following pages were performed to find 
out whether such was the case. 


METHODS 


Methods of taking blood samples and handling monkeys have been described 
in a previous report.2. The blood sugar determinations were made either by 
Benedict’s method,®? or, in the case of simultaneous arterial and venous blood 
sugars, by a micromodification described by Friedenson and others.* 


* Submitted for publication, July 15, 1930. 

* The studies and observations on which this paper is based were conducted 
with the support and under the auspices of the International Health Division of 
the Rockefeller Foundation. 

1. Wakeman, A. M., and Morrell, C. A.: Chemistry and Metabolism in 
Experimental Yellow Fever in Macacus Rhesus Monkeys: I. Concentration of 
Nonprotein Nitrogenous Constituents in the Blood, Arch. Int. Med. 46:290 (Aug ) 
1930; II. Nitrogen Metabolism, ibid. 46:382 (Sept.) 1930. 

2. Wakeman and Morrell (footnote 1, first reference). 

3. Benedict, S. R.: J. Biol. Chem. 68:759, 1926. 

4. Friedenson, M.; Rosenbaum, M. K.: Thalheimer, FE. J., and Peters, J. P.: 
J. Biol. Chem. 80:269, 1928. 
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To obtain simultaneous arterial and venous blood samples, the following technic 
was resorted to: Animals were either anesthetized with iso-amylethylbarbiturate 
given intraperitoneally, or by an injection of para-aminobenzoyl-ethylphthalamate 
at the site of the proposed incision over the femoral vessels. An incision about 
2 inches (5 cm.) long was then made in the skin, and the femoral artery and 
vein were exposed. Small gage needles attached to Z cc. syringes were then inserted 
into the vessels simultaneously, pointing in the opposite direction to the blood 
current. In the case of arterial blood, the pressure from the vessel itself was 
usually sufficient to push out .the plunger. About 0.5 cc. of blood was collected 
trom the artery and vein and transferred immediately to clean, dry, small-bore 
test tubes of about 5 cc. capacity; 0.2 cc. of this blood was at once transferred 
into the measured sulphuric acid, and the sugar determination was carried out 
in the regular manner. 

Slight pressure on a gauze pad applied over the incision before removal of 
the needles prevented any appreciable loss of blood until the punctures in the 
vessels had closed. 

The bromsulphalein liver function tests were performed according to the method 
of Rosenthal. Glycogen in the liver was determined by Pfliger’s method.® 


BLOOD SUGAR 


The data recorded in chart 1 represent in every case fasting values, 
since care was taken to remove all food from the cages and not to feed 
the animals for at least fifteen hours before blood was drawn for 
analysis. 

For purposes of comparison, the charts have been divided into five 
groups, namely, those obtained (1) from normal monkeys, (2) from 
monkeys experimentally infected with yellow fever at a period more 
than twenty-four hours before death, (3) from ten to twenty-four hours 
before death, (4) from fifteen minutes to ten hours before death, and 
(5) at death or not more than five minutes post mortem. 

For the large variations between the maximum and minimum values 
in the first three groups there is no explanation, unless they can be 
ascribed to differences in the reaction of the individual monkeys to 
handling. Some of them resisted vigorously when the blood was drawn, 
while others remained passive. It seems unlikely that the wide normal 
range of the blood sugar during fasting represents a species peculiarity. 
The blood sugar falls consistently through the five groups from a normal 
average of 81 mg. per hundred cubic centimeters to 22 mg. in those 
taken at death. 

The blood sugar of a number of individual fasting monkeys was 
determined at definite intervals during the course of the disease. The 


accompanying table represents the results obtained from some of these 


5. Rosenthal, S. M., and White, E. C.: Clinical Application of the Brom- 
sulphalein Test for Hepatic Function, J. A. M. A. 84:1112 (April 11) 1925. 


6. Pfliiger, E.: Arch. f. d. ges. Physiol. 119:119, 1907. 
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cases. A number of long periods of very low blood sugar were 
observed. M. rhesus R1 showed a drop from 123 to 46 mg. per hundred 
cubic centimeters between forty-eight and thirty-nine and one half hours 
before death. The increase to 58 mg. twenty-one hours later is 
unaccountable. It should be pointed out that values as low as 44 mg. 


Changes in the Blood Sugar During the Course of Yellow Fever 


Days After Number of Hours Blood Sugar, 
Infection Before Death Mg. per Cent 
3 48 hours 0 minutes 123 
39 hours 30 minutes 46 
18 hours 30 minutes 58 
At death 25 


29 hours 0 minutes 
12 hours 30 minutes 
7 hours 30 minutes 


41 hours 30 minutes 
18 hours 30 minutes 
12 hours 45 minutes 


8 hours 0 minutes 
4 hours 0 minutes 
2 hours 45 minutes 
lhour 0 minutes 
At death 


38 hours 0 minutes 

28 hours 30 minutes 
9 hours 0 minutes 
4 hours 30 minutes 
3 hours 0 minutes 
At death 


9hours 0 minutes 

3 hours 0 minutes 

At death 
50 hours 45 minutes 
42 hours 45 minutes 
15 hours 45 minutes 
60 hours 15 minutes 
52 hours 15 minutes 
36 hours 15 minutes 
12 hours 15 minutes 
At death 


26 hours 50 minutes 


17 hours 20 minutes 
2hours 0 minutes 


were observed in normal fasting monkeys. Nevertheless, a drop from 
123 to 46 mg. was never observed in the blood of normal monkeys. 
M. rhesus R2 had a blood sugar of 47 mg. per hundred cubic centimeters 
more than fifty hours ante mortem. The figures given in the table 
clearly indicate that ten hours before death the blood sugar almost 
invariably reaches hypoglycemic levels. A large number of isolated 
instances of hypoglycemia at earlier periods were found. For example, 
the blood sugar of 17. rhesus R3 was 34 mg. twenty and one-half hours 
before death and that of M. rhesus R4, 23 mg. twenty-one hours 
before death. 


Monkey 
R1 
Ris 9 
95 
= 
Ri4 
4 77 
5 
RW 3 : 
3 31 
30 
Rié.. 
l 
os 
2 
34 
2 
37 
24 
R li. 
Os 
4 19 
BR 18.... 2 
120 
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The lowest blood sugar obtained was 14 mg. per hundred cubic 
centimeters, found in a monkey at death. Usually, although not 
invariably, when the blood sugar fell below 30 mg. the animal was 
prostrate. 

While the blood sugar of monkeys with yellow fever was low during 
fasting, that of similar monkeys which had been ted shortly before the 
blood was taken, occasionally showed very high concentrations of sugar. 
M. rhesus R85, while moribund, had a blood sugar of 195 mg. per hun- 
dred cubic centimeters. Autopsy revealed quantities of food in the 
stomach, presumably from a meal taken eight hours previously. Blood 
taken from J. rhesus R6, two hours before death and five hours after 
a meal, contained 286 mg. of sugar. 

Prolonged periods of low blood sugar failed to produce symptoms 
of hypoglycemic shock, although many of the monkeys became prostrate. 
A large proportion of them, although lying down when first seen, would 
protest vigorously while being handled. Intravenous injection of dex- 
trose during this stage of the disease did not perceptibly improve the 
condition of the animal. An attempt was made to produce insulin 
shock in monkeys. Four normal monkeys were used for this purpose. 
The results of one experiment .re given in chart 2. A few minutes 
after blood from the fasting animal had been obtained for analysis, 5 
units of U20 Burroughs and Wellcome’s insulin were injected into the 
right gastrocnemius muscle. Blood samples were taken at intervals and 
a careful record of the monkey’s appearance was made. Although the 
blood sugar remained below 41 mg. per hundred cubic centimeters for at 
least six hours, and reached a minimum of 23 mg., the animal showed no 
signs of a hypoglycemic reaction. Two of the other monkeys in this 
series of experiments showed no reaction, although the blood sugar 
ranged from 53 to 34 mg. for two hours. The fourth animal appeared 
weak one hour after the intramuscular injection of 30 units of insulin 
when the blood sugar was 21 mg. Twenty minutes later the animal was 
lying down, but was able to rise if disturbed. There was definite 
twitching of the arms and legs. At this time, the blood sugar was found 
to be 17 mg. per hundred cubic centimeters. After an intravenous 
injection of 1.5 Gm. of dextrose, the monkey recovered in fifteen 
seconds, sat up, defecated, urinated and greedily ate two bananas. 


Maddock and Trimble * found that the blood sugar of dogs or of 
human beings may remain at levels of 50 mg. per hundred cubic centi- 
meters or lower for from one to six hours without symptoms, and that 
such a period may or may not be followed by a hypoglycemic reaction. 


7. Maddock, S. J., and Trimble, H. C.: Prolonged Insulin Hypoglycemia 
Without Symptoms, J. A. M. A. 91:616 (Sept. 1) 1928. 
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Chart 2.—The upper chart shows the influence of insulin on the blood sugar 
of a normal monkey. The two lower charts illustrate the effects of epinephrine 
on the blood sugar of monkeys in the terminal, hypoglycemic stage of yellow 
fever. The middle chart represents the effects of epinephrine given without food: 
the lowest chart, the effects of epinephrine given after the intravenous injection of 
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dextrose. 
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In the case of monkeys such behavior was the rule. An unsuccessful 
attempt was made to determine the amount of nondextrose-reducing 
substances represented in these low blood sugar values. The only 
source of yeast available was a batch of bread dough, rich in yeast, 
containing large amounts of reducing substances which it was not 
possible to remove, even after twelve washings with distilled water. 
Cultivation of a pure yeast strain was attempted without success. 


LIVER GLYCOGEN 

Staining methods have failed to reveal any glycogen in livers of 
victims of yellow fever after death. Confirmation of these results 
employing purely chemical methods was desirable. Three monkeys 
were used for this purpose. 

EXPERIMENT 1.—From M. rhesus R7, 24 Gm. of liver was removed two minutes 
after the animal had died of yellow fever. The liver was cut into moder- 
ately small pieces with the scissors and dropped into 25 cc. of boiling 60 per 
cent potassium hydroxide solution. Glycogen was determined according to Pflii- 
ger’s ® procedure. Approximately 10 mg. of glycogen per hundred grams of liver 
tissue was found. The heart blood taken simultaneously with the removal of the 
liver tissue contained 16 mg. per cent of “sugar.” 

EXPERIMENT 2.—JM. rhesus R8 was bled from the heart while in a moribund 
condition after one day of fever and one day of subnormal temperature, and 
26 Gm. of liver was at once transferred to an equal quantity of the hot potassium 
hydroxide solution. The liver contained 23 mg. of glycogen per hundred grams 
of liver, while the blood sugar was 15 mg. per hundred cubic centimeters. 

EXPERIMENT 3.—M. rhesus R9 was killed after two days of fever, when 
obviously ill but still alive. Fourteen grams of liver tissue was used for analysis. 
The blood sugar was 19 mg. per hundred cubic centimeters, and the liver contained 
124 mg. of glycogen per hundred grams of tissue. 


While it is probable that these monkeys had not caten for from 
seven to eighteen hours previously,? nevertheless, irom 10 to 124 mg. 
of hepatic glycogen per hundred cubic centimeters is considerably less 
than would be expected in normal animals deprived of food for a 
similar period.® 

The dependence of epinephrine hyperglycemia on the liver glycogen 
has been demonstrated by Mann® and Markowitz. Mann observed 
that injections of epinephrine had no effect on the blood sugar of 
dehepatized dogs, while Markowitz found that subcutaneous injections 
of epinephrine did not raise the blood sugar of rabbits the livers of which 
had been rendered glycogen-free by starvation, cold and strychnine. 
There was a characteristic delay in the appearance of epinephrine 


8. Markowitz, J.: Am. J. Physiol. 74:22, 1925. 


9 Mann, F. C.: Medicine 6:419, 1927. 
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hyperglycemia in animals the livers of which contained small amounts of 
glycogen. In the latter animals the resulting hyperglycemia was more 
or less proportional to the amount of glycogen left in the liver. 

Several experiments were performed to determine the etfect of 
epinephrine on the blood sugar of monkeys ill with vellow fever. Two 
typical experiments will be described. 


EXPERIMENT 4.—M. rhesus R10, a female, weighing 3.88 Kg., had been 
fed on the regular animal house diet. It was inoculated on December 10; it 
showed a fever on December 12 and a subnormal temperature on the morning of 
December 13. The animal was used on December 10 and 12 for tests of the liver 
function and dextrose tolerance tests. At 11:00 a. m. on December 13, the 
monkey was lying down and appeared to be moribund. Blood samples were 
obtained from the femoral artery before and after the injection of epinephrine. 
The results are recorded in chart 2. 

About forty-five seconds after the intravenous injection of 0.3 cc. of epinephrine 
solution, the animal became brighter and moved about slightly. This condition 
lasted for two minutes and was followed by a return to unconsciousness which 
persisted until death. A bromsulphalein liver function test made on this monkey 
one hour before death showed 100 per cent retention of the dye after sixty minutes. 

EXPERIMENT 5.—JM/. rhesus R11, a medium-sized male weighing 2.1 Keg.. 
had also been fed the regular animal house diet. It was inoculated on Decem- 
ber 7 and showed fever on December 9, 10, 13, 14 and 15. It had been used on 
December 12 for a test of the sugar tolerance. On the morning of December 15, 
the monkey was quite weak but was still sitting up. At 9:15 a. m. 1 Gm. of 
dextrose per kilogram of body weight was injected intravenously, arterial blood 
samples were taken at intervals and epinephrine was injected. 

The results of the experiment are presented in chart 2. An injection of brom- 
sulphalein was given simultaneously with the injection of dextrose. One and 
three-fourth hours later, the dye retention was 100 per cent. 


It is evident that epinephrine causes less hyperglycemia in monkeys 
with advanced yellow fever than in normal monkeys. 


COMMENT 

Of the changes that invariably follow ablation of the liver, hypo- 
glycemia is among the earliest to develop. The blood sugar commences 
to fall at once after the liver has been removed, and soon reaches a level 
sufficiently low to produce hypoglycemic shock. Intravenous adminis- 
tration of dextrose is remarkably efficient in relieving the symptoms, and 
considerably prolongs the lives of the animals. Minkowski *’ observed 
convulsions and coma in geese; Doyon, Gautier and Policard '! reported 
convulsions in frogs, after complete removal of the liver. According 
to Whipple and Hooper,’* ligation of the hepatic artery in dogs with 


10. Minkowski, O.: Arch. f. exper. Path. u. Pharmakol. 58:141, 1908. 

11. Doyon, M.; Gautier, C., and Policard, A.: Compt. rend. Soc. de biol. 64: 
271, 1908. 

12. Whipple. G. H., and Hooper, C. W.: J. Exper. Med. 17:612, 1913 
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eck fistula produces similar results. Partial removal of the liver of an 
animal with Eck fistula causes a slight decrease in the blood sugar 
(Mann and Bollman**). A stage is reached, however, after which 
removal of more liver tissue, short of total hepatectomy, does not lower 
the blood sugar further. 

The regenerative power of the liver and its large factor of safety 
have been amply demonstrated by numerous investigators. In one 
experiment designed to elucidate this point, removal of 65 per cent of 
the liver tissue did not perceptibly change the blood sugar level nor alter 
the torm of the sugar curve following the intravenous injection of 
dextrose. It is evident that the functional activity of the liver is con- 
cerned with maintenance of the normal blood sugar, but that a rela- 
tively small proportion of the organ is capable of caring for the needs 
of the organism in this respect. 

It has been demonstrated by the results reported here that blood 
sugar in animals sutfering from yellow fever is greatly reduced, in a 
few cases, even a day or more before death (chart 1 and table). It is 
almost certain in the light of previous work on the function of the 
liver that these low blood sugar values are due to the hepatic lesions 
accompanying the disease. 

Microscopic examination of the liver tissue reveals great variability 
in the amount of damage in different monkeys early in the febrile 
period. A few monkeys die without marked changes in the appearance 
of the liver. However, in a greater number of cases evidence of 
degeneration is apparent twenty-four hours before death, and it is 
usually after this time that the blood sugar commences to decrease (chart 
1 and table). From then until death there is a progressive fall in the 
blood sugar level. Almost invariably the degeneration is quite marked 
twelve hours before death, and it is at this stage that the most significant 
alterations in the blood chemistry are noticed, particularly in the blood 
sugar. Failure of urea formation and deaminization is a terminal 
event.’ Although a lowering of blood sugar may occur many hours 
before abnormalities in the metabolism of urea or amino-acid are 
evident ° (table), this, too, must be considered a terminal event. In the 
animals that recovered, the blood sugar was never found to be as low 
as that reported for the average in group 4, chart 1. 

The extremely low values found at death are interesting. It is 
questionable if any of the reducing substance in the blood below 15 mg. 
per hundred cubic centimeters is dextrose. Van Slyke and Hawkins ** 


13. Mann, F. C., and Bollman, J. L.: Liver Function Tests, Arch. Path. 1: 
681 (May) 1926. 
14. Van Slyke, D. D., and Hawkins, J. A.: J. Biol. Chem. 83:51, 1929. 
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reported that Benedict’s blood sugar method yields an average of 
about 10 mg. per cent of nonfermentable reducing material. Although 


inability to determine the nonfermentable reducing substances forbids 
any positive statement, it seems probable that no dextrose or only an 
insignificant amount is left in the blood of a fasting monkey dying of 
yellow fever. 

Some monkeys’ blood sugar was found to be below hypoglycemic 
levels before they became prostrate. There were none of the customary 
signs of hypoglycemic shock in these animals, except general weakness 
and lassitude. However, in only one of four animals did symptoms 
that produced severe and durable hypoglycemia develop after injections 
of insulin. It is possible that W/. rhesus is not so responsive to low blood 
sugar as are other animals. 

While the hypoglycemic reaction induced by removal of the liver is 
quickly relieved by injections of dextrose, similar treatment did not 
noticea’)|, improve the condition of animals ill with yellow fever. The 
situation is complicated by other factors, and probably is comparable to 
the second stage of shock following hepatectomy, which cannot be 
relieved by intravenous injections of dextrose. 

That blood sugar is dependent on liver glycogen seems evident. 
Following hepatectomy the blood sugar becomes greatly diminished ; and 
if the liver is made glycogen-free, injections of epinephrine are no 
longer effective in raising the blood sugar, although in both instances 
the muscles may contain considerable quantities of glycogen. The low 
blood sugar found in the later stages of yellow fever also results from 
a greatly depleted glycogen supply in the liver. Analysis of liver tissue 
taken from animals in the later stages of the disease revealed practically 
no glycogen. Only a few milligrams were found in monkeys R7 and 
R8 when the blood sugar was less than 20 mg. per hundred cubic centi- 
meters. Monkey R9, killed while still active after two days of fever 
and with a blood sugar of 19 mg. per hundred cubic centimeters, had 
124 Gm. of glycogen per hundred grams of liver tissue. While it is 
doubtful that these monkeys had taken food for twelve hours, the 
extremely low glycogen content of the liver is probably not due to 
starvation. Markowitz * emphasized the difficulty in completely elimi- 
nating glycogen from the liver by starvation. The livers of rabbits 
deprived of food for four days at room temperature still contained 
from 400 to 480 mg. of glycogen per hundred grams. 

The effects of injections of epinephrine support the view that the 
livers of monkeys in the terminal stages of the disease possess little or 
no glycogen. Markowitz ® found that injections of epinephrine did not 
raise the blood sugar when the liver was glycogen-free ; when only traces 
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were present, the increase was delayed in proportion to the amount of 
hepatic glycogen. Monkey R10 showed a sharp brief rise in blood 
sugar following intramuscular and intravenous injections of epinephrine. 
An increment of 32 mg. per hundred cubic centimeters was observed 
five minutes after the injection, but five minutes later the blood sugar 
had returned to preinjection levels. A subsequent intravenous injection 
of epinephrine did not affect the blood sugar (chart 2). Furthermore, 
injections of epinephrine did not appreciably alter the rate of fall of 
blood sugar in M. rhesus R11 following the intravenous injection of 
dextrose (chart 2). While it is possible that a slight rise in blood sugar 
might be masked by the high concentration following the administration 
of dextrose, nevertheless, an increment of from 10 to 20 mg. per hun- 
dred cubic centimeters, which persisted an appreciable length of time, 
would be evident in the shape of the curve. 

Ii the low blood sugar found in the sick monkeys is the result of a 
greatly depleted supply of hepatic glycogen, the function of glycogenesis 
was in many cases abolished before there was a failure of deaminization 
or urea formation, for a low blood sugar value (table) was found many 
hours before significant alterations in blood urea and amino-acid 
nitrogen were apparent.*. McMaster and Drury’?® found that after 
removal of 70 per cent of the rabbit’s liver, convulsions accompanied by 
a low blood sugar value and death occurred in 33 per cent of their cases 
without, however, any evidence of disturbances in urea or uric acid 
metabolism. The results reported previously * and those in this paper 
concur with those of McMaster and Drury, in that the sugar-regulating 
mechanism was the first to fail. Monkey R12 (table) may be cited as an 
example, for when the nonprotein nitrogen was 37 mg. per hundred 
cubic centimeters, the urea nitrogen 12 mg., and the amino-acid nitrogen 
7 mg. the blood sugar had already fallen to 34 mg. 

Izume and Lewis suggested that the hypoglycemia following 
hydrazine intoxication is primarily due to failure of normal glyco- 
genesis. This opinion is apparently substantiated in the case of yellow 
fever by the abnormally low hepatic glycogen and the abnormally high 
blood sugar value found in some nonfasting monkevs with yellow fever. 


SUMMARY 


1. Hypoglycemia was regularly observed in monkeys with yellow 
fever as early as twenty-four hours before death and became pro- 
gressively more pronounced as death approached. 


15. McMaster, P. D., and Drury, D. R.: J. Exper. Med. 49:745, 1929. 
16. Izume, S., and Lewis, H. B.: J. Biol. Chem. 71:51, 1926. 
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2. In every case tested the blood sugar during fasting finally fell to 
a level at which convulsions might have been expected, less than 45 mg. 
per hundred cubic centimeters. Nevertheless, definite symptoms of 
hypoglycemic shock were not observed, nor did intravenous injections 
of dextrose have any demonstrable beneficial action. 


3. Hypoglycemic shock was difficult to produce in monkeys. 


4. After hypoglycemia had appeared, little glycogen was found in 


the livers of monkeys with yellow fever, and the hyperglycemic action 
of epinephrine was greatly diminished or abolished. 

5. The changes in carbohydrate metabolism definitely preceded the 
disturbances of deaminization and urea formation reported in earlier 
papers of this series. 


THE POTASSIUM CONTENT OF THE HEARTS OF 
PERSONS DYING FROM EDEMATOUS AND 
NONEDEMATOUS CONDITIONS * 


L.. Gs SCOT, 
NEW ORLEANS 


The inorganic constituents of cardiac muscle and their bearing on 
cardiac activity have been receiving more and more attention in recent 
years. The work of Norn? on potassium, especially his investigations 
on the excretion of this element, seems to indicate that the potas- 
sium content of the tissues of the normal individual, at least, is constant, 
and that the body responds promptly to excessive intake by establishing 
an equilibrium. 

At the time of his experiment, Norn had not been able to raise the 
value of the blood potassium appreciably or for any length of time by 
administrations of relatively large doses of potassium chloride. Further- 
more, to judge from this work, the normal diet furnishes far more 
potassium than the body can retain and, like sodium salts, that portion 
not utilized is excreted, principally no doubt, in the urine. The condi- 
tions under which the investigations of Norn were carried out were 
virtually normal. 

Goto,* in experiments with animals, showed that acid feeding 
diminishes the potassium in the muscles, and the analyses of Harrison, 
Pilcher and Ewing * on the cardiac and skeletal muscle of patients dying 
from cardiac disturbances with edema as a symptom sustain their 
assumption that acidosis of tissue tends to diminish the potassium con- 
tent. This holds, according to their observations, both for cardiac and 
for skeletal muscle. 

In a series of sixty-nine analyses of cardiac muscle for inorganic 
constituents, special attention was paid to the potassium and sodium in 
thirty-two hearts from patients who had died of a variety of diseases. 


* Submitted for publication, July 21, 1930. 

*From the Department of Tropical Medicine, Tulane University of 
Louisiana. 

1, Norn, M. I.: Untersuchungen iiber das Verhalten des Kaliums im 
Organismus: I, Skandinay. Arch. f. Physiol. 54-55:162, 1928-1929; II (in urine), 
ibid., p. 185. 

2. Goto, Kingo: Mineral Metabolism in Experimental Acidosis, J. Biol. Chem. 
36:366, 1918. 

3. Harrison, T. R.; Pilcher, C., and Ewing, G.: The Potassium Content of 
Skeletal and Cardiac Muscle, J. Clin. Investigation 8:325 (April 20) 1930. 
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Fourteen of these patients showed edema of a greater or lesser degree 
and of varying periods of duration, and eighteen were free from it. 
Unfortunately, the clinical histories of the majority were obscure and 
the exact data unobtainable. 

All hearts were received almost intact and utilized as soon after 
autopsy as possible. The determinations of potassium and sodium were 
made by the method of Finker-Neubauer,* which the original work of 
Neubauer ® shows to be very exact, and which independent determina- 
tions with known amounts of potassium and sodium chloride proved 
to be satisfactory. The details of the methods employed for the deter- 
mination of these and other inorganic constituents, with the results of 
the analyses, are explained in an article about to be published. 

Not only were a large percentage of the potassium and sodium 
determinations made in duplicate, but many were repeated four or 
more times, to test the method thoroughly. In no instance was there 
reason to doubt the accuracy after experience in manipulation had 
heen attained and when conditions were properly adhered to. 

A relation of perhaps more than passing interest, and one certainly 
not expected, is presented by these analyses. This is that at times the 
relative preponderance of sodium and potassium is reversed. The 
reversal is not attributable to inaccurate determinations, since the values 
often presented close checks, of which the analysis of the heart from 
patient 127 may serve as an example. The amount of potassium, 
expressed as K,O, was found to be the following in a series of seven 
determinations : 1.284 per cent, 1.252 per cent (three times), 1.251 per 
cent (twice) and 1.164 per cent. The amount of sodium, expressed as 
Na.O, was found to be 0.943 per cent, 0.956 per cent (twice), 1.135 
per cent, 0.894 per cent, 0.912 per cent and 0.877 per cent. No other 
long series of experiments was carried out on any one heart, but four 
analyses on the basis of 1 Gm. of dry muscle tissue was the usual rou- 
tine. The others, though checking sufficiently well, did not always yield 
results as close as those given. 

The percentages of water, potassium and sodium stated in the tables 
are calculated on the basis of cardiac muscle dried to relatively constant 
weight at 100 C. This furnishes a uniform condition and neutralizes 
the effect of variability in moisture. In the tabulations, the original 
percentages of K,O and Na,O have been converted into the equivalents 
of potassium and sodium by multiplying by the factors 0.830 and 0.742. 


4. Finker-Neubauer, quoted in Treadwell, Hall: Analytical Chemistry, ed. 3, 
New York, John Wiley & Sons, 1911, vol. 2 pp. 47-48. 

5. Neubauer, H.: Eine abgekiirzte Methode der Kalibestimmung in den 
Kalisalzen, Ztschr. f. analyt. Chem. 39:481, 1900. 
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In table 1 are presented the fourteen analyses of hearts from patients 
dying of diseases in which edema was one of the symptoms. The fol- 
lowing brief outlines are taken from data obtained in the ward and the 
Pathological Department. 


Case 96.—For J. B., no clinical history was obtainable. Edema of unknown 
duration was mentioned on the history sheet. There was evidence of edema of 
both extremities, especially of the right side, and of the penis and scrotum. The 
clinical diagnosis was: congestive heart failure. The anatomic diagnosis was: 
bronchopneumonia, chronic myocarditis, hypertrophy and dilatation of the heart, 
acute and chronic nephritis and chronic splenitis. 

Case 102.—C. R.’s edema began two years before the present study with 
general swelling of the lower extremities. The face later became swollen. The 


Taste 1.—Results of Analyses of Cardiac Muscle from Patients with Edema 


Analysis of Cardiac Muscle* 


ie 
Mois- Potas- 


ture, sium, Sodium, 
Patient Sex Age perCent per Cent per Cent Disease 
96 M 65 80.93 0.668 1.017 Congestive heart failure 
102 M 22 79.65 1.163 0.910 Congestive heart failure 
103 M 66 78.06 0.670 0.883 Diabetes, gangrene 
106 M 65 80.47 0.591 0.603 Arteriosclerotie heart disease 
108 M 40 78.38 0.579 0.899 Congestive heart failure 
109 M 80 78.84 0.871 0.808 Arteriosclerotic heart disease 
110 M 60 80.76 0.886 0.863 Congestive heart failure, syphilis 
111 M 62 80.57 0.781 0.826 Congestive heart failure 
114 M 41 81.12 0.944 0.969 Congestive heart failure 
115 M 42 79.90 1.026 0.917 Syphilitie heart disease 
116 M 56 79.17 1.184 1.059 Congestive heart failure 
122 M 42 80.95 1.107 0.941 Congestive heart failure 
123 F 36 80.22 1.183 0.880 Chronie nephritis, congestive heart failure 
126 M 72 81.25 1.089 0.717 Congestive heart failure, chronic nephritis 
Standard deviation..... 1.011 0.215 0.112 
Probable error.......... +0.710 +0.150 +0.080 


* Results for potassium and sodium expressed on the basis of dry muscle tissue from the 
left ventricle. 


edema eventually became so severe that the patient was sent to the hospital. The 
clinical diagnosis was: circulatory failure. The anatomic diagnosis was: lobar 
pneumonia of the lower left lobe (bilateral and fibrinous), pleuritis (localized), 
interlobar empyema (right side), purulent pericarditis, acute nephritis and fatty 
degeneration of the liver. 

Case 103.—J. G. suffered from constant pain in the feet. These pains 
increased gradually, and the patient noticed that his toes were drying up. The 
history mentioned edema otf the feet and legs. The clinical diagnosis was: dia- 
betes mellitus. The anatomic diagnosis was: gangrene of the right foot and 
left toe, and toxemia. 

Case 106—H. W.’s clinical history was not available. Edema was present 
over the legs. The clinical diagnosis was: arteriosclerotic heart disease. The 
anatomic diagnosis was: carcinoma of the stomach, chronic nephritis, generalized 
arteriosclerosis, hypertrophy of the heart, aneurysm of the ascending portion of 
the arch of the aorta and bilateral hydrothorax. 

Case 108.—About one month before admission to the hospital, E. P. suffered 
from dizziness and shortness of breath, with disturbed vision. Edema of the 
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legs and thighs existed during the period in the hospital. The clinical diagnosis 
was: hypertension, chronic myocarditis with decompensation, marked secondary 
anemia and auricular fibrillation. The anatomic diagnosis was: acute and chronic 
nephritis, hypertrophy and dilatation of the heart, brown atrophy of the lungs, 
bilateral hydrothorax and fatty degeneration of the liver. 

Case 109.—No clinical history was available for B. J. The left lower leg 
was edematous. The clinical diagnosis was: chronic varicose ulcer of the leg. 
The anatomic diagnosis was: bronchopneumonia, acute and chronic nephritis, 
arteriosclerosis, acute splenitis, fatty degeneration of the liver and chronic myo- 
carditis. 

Case 110.—The clinical history for I. H. stated that about four months before 
admission to the hospital the patient noticed swelling of his feet and legs. The 
clinical diagnosis was: chronic myocarditis with decompensation, hypertension, 
inguinal adenitis and syphilis. The anatomic diagnosis was: bronchopneumonia 
(bilateral), acute and chronic nephritis, chronic myocarditis, splenitis and atrophic 
gastritis. 

Case 111.—Three weeks before admission to the hospital, J. D. woke up to 
find his feet swollen and painful. The clinical diagnosis was: chronic myocarditis 
with decompensation and chronic nephritis. The anatomic diagnosis was: lobar 
pneumonia, empyema, bilateral gangrene, arteriosclerosis, syphilis, cirrhosis of the 
liver, aortitis and chronic nephritis. 

Case 114—Marked edema of the legs and abdomen was mentioned in the his- 
tory of R. B. About a year before the patient noticed swollen feet. The clinical 
diagnosis was: congestive heart failure, hypertensive heart disease, chronic nephri- 
tis and probable aneurysm (dilatation of the arch). The anatomic diagnosis 
was: syphilitic aortitis, erosion of the aortic valve, acute and chronic nephritis, 
passive congestion of the liver and spleen and fibrous pleuritis. 

Case 115.—T. H. had extensive edema of the right side of the body. No 
clinical history was available. The clinical diagnosis was: syphilitic heart dis- 
ease and aortitis. The anatomic diagnosis was: acute and chronic myocarditis 
(syphilitic), acute and chronic nephritis with cystic degeneration, aortitis, endo- 
cardial sclerosis (aortic and mitral valves), passive congestion of the spleen, 
edema and congestion of the lungs. 

Case 116.—In E. L.’s case, edema was present over the legs and thighs. The 
duration was about three weeks. The clinical diagnosis was: decompensation. 
The anatomic diagnosis was: bilateral bronchopneumonia, hypertrophy and dilata- 
tion of the heart, chronic nephritis and passive congestion of the liver and spleen. 

Case 122.—No clinical history was available for J. W. Marked edema was 
noted. The clinical diagnosis was: congestive heart failure. The anatomic diag- 
nosis was: chronic myocarditis with dilatation and hypertrophy, bronchopneu 
monia, general anasarca, passive congestion of the kidneys and spleen and 
cirrhosis of the liver. 

Case 123.—M. G. hed edema of the legs, the duration of which had been 
about four weeks. During this time, the condition became so bad that she was 
unable to recline at night. The clinical diagnosis was: hypertensive heart dis- 
ease, chronic nephritis, congestive heart failure and auricular fibrillation. The 
anatomic diagnosis was: acute and chronic parenchymatous nephritis, chronic 


myocarditis with hypertrophy, pulmonary infarctions of the right lung, passive 
congestion of the liver and spleen, hydrothorax on the right side, acute fibrinous 
pleurisy (right lung) and atelectasis of the right lung 


§ 
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Case 126.—The ankles of H. R. were slightly edematous. Two years before, 
he became dyspneic, but did not grow materially worse until three weeks before 
admission to the hospital; then he noticed that his ankles were slightly edematous. 
The clinical diagnosis was: senility, syphilis, partial heart block, chronic nephritis 
and chronic myocarditis with decompensation. The anatomic diagnosis was: 
multiple abscesses of the kidneys, pyelonephrosis (bilateral), carcinoma of the 
gallbladder, chronic myocarditis, aortitis, passive congestion of the liver, early 
cirrhosis of the liver, congestion of the spleen, acute cystitis, pulmonary conges- 
tion and edema and hypertrophied prostate. 


Table 2 contains the analyses of eighteen hearts from patients whose 
disease processes were not productive of an edematous condition, The 
clinical diagnoses only are given. 


Taste 2.—Results of Analyses of Cardiac Muscle from Patients Without Edema 


Analysis of Cardiac Muscle* 


Mois- Potas- 
ture, sium, Sodium, 
Patient Sex Age per Cent per Cent per Cent Disease 
97 M 47 78.92 0.785 0.854 Tuberculosis, lobar pneumonia 
98 M 70 78.17 0.891 0.988 Lobar pneumonia 
£9 F 39 O.891 0.872 Carcinoma 
100 M 40 0.769 1.002 Lobar pneumonia 
101 F 17 1.155 0.832 Tuberculous meningitis 
104 M 47 0.707 0.872 Lobar pneumonia 
105 M 1 0.851 1.178 Pulmonary tuberculosis 
107 M 60 0.621 0.845 Lobar pneumonia, syphilis 
112 M 0.937 0.215 Syphilis, bronchopneumonia 
113 M 19 0.726 1.306 Pulmonary tuberculosis 
117 M 64 1.110 0.743 Arteriosclerotie heart disease 
118 F 4 0.709 1.134 Carcinoma 
119 M 4 1.061 ones Lobar pneumonia 
120 M 4 0.992 1.190 Pulmonary tuberculosis 
121 M 82 0.620 0.549 Bronchopneumonia, arteriosclerosis 
124 M 49 1.316 O.S15 Miliary tuberculosis 
125 M 22 1.467 0.699 Bronchopneumonia 
127 F 38 1.041 0.813 Pellagra 
Standard deviation...... 1.518 0.229 0.188 
Probable error.......... +1.040 +0.160 +0.151 


* Results for potassium and sodium expressed on the basis of dry muscle tissue from the 
left ventricle, 


COMMENT 

There is considerable variation in the values for both potassium and 
sodium regardless of whether or not the patient suffered from edema 
prior to death, and the final averages do not indicate any appreciable dif- 
ference in the cardiac content. The average of fourteen hearts from 
edematous patients for potassium is 0.910 per cent and for those of 
eighteen persons who did not have edema 0.925 per cent, while the 
results for sodium were, respectively, 0.878 per cent and 0.915 per cent. 

Nor is there a marked difference in the water content, those with 
edema having an average of 80.02 per cent and those without 80.30 per 
cent. An edematous condition of the wall of the heart, whatever state 
the skeletal tissues may be in, apparently does not usually exist. 
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Sections of fresh cardiac muscle were subjected to Macallum’s ‘ 
sodium cobaltrinitrite method for demonstrating the potassium within 
the cell and interstitial spaces. There can hardly be any doubt, if one 
may judge from the distribution of the stain, that the greater part of 
the potassium is localized in the intercellular spaces. In the cell itself, 
the potassium appears to be uniformly diffused throughout the proto- 
plasm. The striations become very distinct, and Macallum stated that 


potassium is condensed in the dim bands and in the middle third of the 


latter when the fiber is contracted. 


CONCLUSIONS 

1. The results of analysis of thirty-two hearts for potassium and 
sodium do not seem to indicate that there is on an average any 
appreciable difference in the amount of these elements in hearts from 
edematous and from nonedematous patients. 

2. The water content is practically the same for both categories. 

3. There is considerable variation in the amount of potassium and 
sodium in hearts, regardless of whether the disease processes from 
which the patients died were or were not productive of edema. 

4. The percentage of sodium may be greater than that of potassium 
and vice versa without any apparent relation to disease. 

5. Demonstration of potassium in cardiac tissue indicates that the 
larger proportion of the salts is contained in the fluid bathing the muscle 
cells, and that they are rather uniformly diffused throughout the proto- 
plasm. 


6. Macallum, A. B.: On the Distribution of tassium in Animal and 
Vegetable Cells, J. Physiol. 32:95, 1905. 


THE BLOOD LIPOIDS IN) NEPHROSIS AND 
CHRONIC NEPHRITIS WITH EDEMA * 


L. LICHTENSTEIN, M.D. 
George Blumenthal, Jr. Fellow in Pathology 
AND 
EMANUEL Z. EPSTEIN, M.D. 
Eugene Meyer, Jr. Fellow 


NEW YORK 


The old clinical classification of subacute or chronic ditfuse nephritis 
(chronic parenchymatous nephritis) with edema, and its pathologic 
counterpart, the large white kidney, has been superseded by the present 
day concepts of chronic nephrosis and the nephrotic phase of glomerulo- 
nephritis, developed from the work of F. Muller, Munk, Volhard and 
Fahr, A. A. Epstein and others. The clinical picture of pure or uncom- 
plicated nephrosis has been repeatedly defined in recent years (princi- 
pally in the German and American literatures) as one of profuse 
albuminuria, edema, oliguria, insidious onset, normal concentrating 
power of the kidney, prolonged course with tendency to cyclic remissions 
and low basal metabolic rate (occasional), with absence of cardiovascu- 
lar changes, such as hypertension, retinitis, hematuria or uremia. Fur- 
thermore, it is widely maintained that chronic nephrosis manifested by 
degenerative changes in the kidney tubules, without demonstrable 
glomerular lesions, in adults at least, is an uncommon condition; that, 
much more frequently, the nephrotic syndrome represents a phase of 
varying duration in the natural history of glomerulonephritis, a phase 
in which, for the time, the functional changes ordinarily associated with 
glomerular disease may be entirely overshadowed and arterial hyperten- 
sion may be absent. Although rare in adults, pure nephrosis is not 
uncommon in young children (Schwarz and Kohn'). Since the inves- 
tigations of A. A. Epstein,? it is generally known that the fundamental 
changes in the composition of the blood in nephrosis consist in: (1) 
lowering of the serum proteins, affecting the albumin fraction more 
than the globulin, so that there is a tendency toward inversion of the 


* Submitted for publication, July 23, 1930. 

* From the Laboratories, Pediatric and Medical Services of the Mount Sinai 
Hospital. 

1. Schwarz, H., and Kohn, J. L.: Studies of Nephritis in Children. I. 
Nephrosis, Am. J. Dis. Child. 24:125 (Aug.) 1922; Bacteremia and Skin Mani- 
festations in Lipoid Nephrosis, ibid. 38:762 (Oct.) 1929. 

2. Epstein, A. A.: J. Exper. Med. 20:334, 1914; The Nature and Treatment 
of Chronic Parenchymatous Nephritis (Nephrosis), J. A. M. A. 69:444, 1917; 
Am. J. M. Sc. 163:167, 1922; Arch. f. Verdauungskr. 44:31, 1628. 
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albumin-globulin ratio; (2) increase in the lipoid content of the plasma. 
Correlated with the increase in plasma lipoids is the presence of double 
refractile bodies in the urine (Munk *) and deposits of double refractile 
lipoids in the kidney tubules shown to be cholesterol esters. Whether 
or not nitrogen retention is a feature depends on the incidence of 
glomerular lesions. 

It is of the chemical features that we wish to speak, and especially 
of the increased lipoids of the blood plasma in clinical nephrosis. 


Plasma Lipoids 
Cholesterol, Mg. per Cent Phos- Serum Proteins, Urea 
- phatide, Gm. per Cent Nitrogen, 
Ester Mg. Mg. 


_AS per Cent per Cent Albu- Glob- per 
Case Ester Total of Total (P x 26) min ulin Total Cent 
Nephrosis 
3% 390 625 
1/29 28% 715 1,000 
11/19/29 835 985 
4/2530 
11/10/29 
12/ 2/29 
7/19/29 
7/31/29 
10/22/29 
5 11/14/29 
11/29/29 50 
Chronie nephritis with edema 
6 11/11, 29 
1/10 30 55 
4/10/30 
7/22/29 
7/29/29 
7/31/29 
2/ 4/30 
4/11 30 
4/11/30 
5, 4,30 
5/ 9/30 
5/14/30 
11/11/29 
11/23/29 
1rosis in remission 


te bo 


~ 


During the past year we have had the opportunity in the medical and 
pediatric services of the hospital to make complete chemical studies in 
twelve cases of nephrosis and chronic glomerulonephritis with edema, 
including the estimation of the cholesterol, cholesterol esters and phos- 
phatides in the blood plasma.* The data are presented in the accom- 


panying table. 


3. Munk, F.: Ztschr. f. klin. Med. 78:1, 1913. 

4. Cholesterol, free and combined, estimated by the method of Bloor and 
Knudson (J. Biol. Chem. 27:107, 1916); phosphatides by a modification of the 
method of Kuttner and Cohen (ibid. 75:517, 1927) and Kuttner and Lichtenstein 
(ibid. 86:671, 1930), and serum proteins by the method of Wu (ibid. 51:33, 1922) 


Blood Chemistry in Nephrosis and Chronic Nephritis with Edema 
— = = | 
i4 1/ 9/30 85 125 210 60 176 3.2 2.4 5.6 15 : 
15 2/ 1/30 200 208 5.7 2.1 7.8 13 
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Port,’ in 1910, and shortly afterward Chauffard, Laroche and 
Grigaut,® reported an increased cholesterol content in the serum of cer- 
tain patients with chronic nephritis. Since then increases in the choles- 
terol content of the blood have been observed by numerous investigators 
in cases of clinical nephrosis and the nephrotic type of glomerulo- 
nephritis (chronic parenchymatous nephritis with edema in the old 
terminology) but not in other types of nephritis (Denis * and Bloor §). 
Greenwald * made the observation that the plasma lipoid phosphorus is 
often increased in nephritis. Daniels '° found a substantial increase in 
plasma lecithin in five of seven cases of chronic parenchymatous 
nephritis, as well as an increase in fatty acids and cholesterol. Increased 
concentration of plasma lecithin was also observed by Oser and 
Karr‘! in several cases of uremia. Knauer’? pointed out that in 
nephrosis, in addition to the cholesterol, the phosphatides and fatty acids 
are consistently increased in amount; he also observed that with an 
exacerbation of the disease, the lipoids rise and then decline with 
clinical improvement, and that in cases of acute hemorrhagic nephritis 
the total amount of lipoids is not increased above the normal values. 
Daniels '° likewise found that in the forms of renal disorder examined 
other than chronic parenchymatous nephritis, no comparable increase 
of plasma lipoids was found. Recently, Gainsborough ** in a study of 
twenty cases of “so-called lipoid nephrosis’” reported consistent 
increase in the total cholesterol content of the blood, but principally in 
that fraction combined with fatty acids, the cholesterol esters. We 
were able to confirm these observations (accompanying table). 

The lipoids of the blood plasma were estimated in twelve cases of 
clinical nephrosis, as were the serum proteins and urea nitrogen in 
most instances. Among these were three cases (cases 1, 2 and 3), all 
of them in children, that seemed to conform strictly to the criteria for 
lipoid nephrosis; one case of syphilitic nephrosis (case +); a case of 
amyloid disease of the kidneys (case 5), and seven cases (cases 6 to 12) 
in which a nephrotic picture supervened in the course of subacute or 


5. Port, F.: Deutsches Arch. f. klin. Med. 99:259, 1910. 

6. Chauffard, A.; Laroche, G., and Grigaut, A.: Compt. rend. Soc. de biol 
70:108, 1911. 

7. Denis, W.: J. Biol. Chem. 29:93, 1917. 

8. Bloor, W. R.: J. Biol. Chem. 31:575, 1917. 

9. Greenwald, I.: J. Biol. Chem. 21:29, 1915. 

10. Daniels, W. B.: Brit. J. Exper. Path. 6:283, 1925. 

11. Oser, B. L., and Karr, W. G.: The Lipoid Partition in Blood in Health 
and in Disease, Arch. Int. Med. 36:507 (Oct.) 1925. 

12. Knauer, H.: Med. Klin. 23:840, 1927. 

13. Gainsborough, H.: Quart. J. Med. 23:101, 1929, 
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chronic glomerulonephritis. A case of renal rickets (case 13) was 
studied which showed an appreciable increase in blood lipoids, of the 
same order of magnitude as that regularly observed in nephrosis, but 
which nevertheless presented none of the other features of nephrosis. 
In addition, several children formerly observed with clinical nephrosis 
were studied when their condition was in the stage of remission and 
showed complete restoration of normal lipoid partition of the blood 
(cases 14 and 15). 
REPORT OF CASES 

Casts 1, 2 and 3.—These cases occurred in children under 4 years of age 
diagnosis of lipoid nephrosis was made. The course was characterized by per 
sistent albuminuria and cyclic periods of edema, in which the blood lipoids were 
regularly increased and the serum proteins diminished. There was no history of 
hematuria, hypertension, etc. These cases seemed to conform in all respects t 

criteria for lipoid nephrosis 


Cast 4.—In a man known to have syphilitic aortitis, svphilitie nepht 


oped while he was under observation. Edema of the ankles, persisting for a year, 


was accompanied by copious albuminuria. Double refractile bodies were found in 
the urine. The absence of hypertension, hematuria or nitrogen retention was noted 
The patient was discharged in an improved condition. 

Case 5.—Amyloid kidneys, with secondary contraction and terminal uremia 
occurred in a patient, a man with a long-standing case of tuberculosis of the hip 
The diagnosis was confirmed by autopsy 

Cases 6, 7 and 8.—These cases in children all showed features of nephrosis: 
copious albuminuria, edema and lipoidemia. Because of hematuria at some time 
and in one instance (case 7) transient hypertension and moderate nitrogen retention, 
these cases must be regarded as presenting a nephrotic picture supervening in the 
natural history of acute glomerulonephritis. 

Cases 9, 10, 11 and 12.—In these cases, the patients were adults, with clinical 
lustories of marked, persistent and recurrent edema and profuse albuminuria 
[hese cases were regarded clinically as presenting a nephrotic picture developing 
in the course of subacute or chronic glomerulonephritis, because hematuria, hyper- 
tension or diminished concentrating ability was present. 

Case 13.—This case occurred in a child, aged 6, with renal rickets. The patient 
had severe rickets, not improved by treatment, and nephritis that was evidenced by 
marked nitrogen retention (urea nitrogen, 188 mg.), but there were no uremic 
symptoms. The blood lipoids were increased, especially the phosphatides. 

Cases 14 and 15.—The children had been observed in previous attacks of clinical 
nephrosis and were now in a state of remission. These cases are cited to exemplify 
the normal lipoid distribution in blood plasma. 


COMMEN1 

The previous observations of an increase in cholesterol, fatty acids 
and phosphatides in blood plasma were abundantly confirmed. In our 
series of cases both the total cholesterol and the phosphatide values were 
uniformly increased ; in the most marked instances to a strikingly high 
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level, e. g., cholesterol 1,380 mg. per hundred cubic centimeters.** The 
phosphatide content of the blood plasma was regularly elevated, with 


the increase most marked in cases with the highest cholesterol values and 
a low amount of serum proteins. 

A striking feature of this general lipoidemia is the increase of 
cholesterol esters observed in the circulating blood. In six cases, from 
80 to 90 per cent of the total cholesterol was combined with fatty acids. 
In the remaining instances, although the ratio of ester cholesterol to 
total cholesterol was lower, the absolute increase in the ester fraction 
was nevertheless significant. 

As previously cited, Gainsborough '* in a study of a series of cases 
of “so-called lipoid nephrosis” found a consistent increase in the total 
cholesterol content of the blood, but principally in that fraction com- 
bined with fatty acids. In several instances, just as in our series, this 
increase in cholesterol ester obtained to a much smaller degree. The 
significance of an increase in the fatty acid content of the blood 
( Daniels, Knauer) is difficult to interpret, since the fatty acids estimated 
after saponification may be derived from many sources: neutral fat, 
phosphatides or cholesterol esters. On the other hand, the finding of 
a decided increase of cholesterol esters in the circulating blood may be 
correlated with their presence in the urine of nephrotic patients as 
double refractile bodies and with their deposition in the renal tubules. 

A diminution of the serum proteins, particularly of the albumin 
fraction, was observed to be regularly associated with the lipoidemia, 
and the tendency in many quarters is to regard both phenomena as 
concomitant features of an underlying generalized metabolic disorder, 
imperfectly understood. The experiments of Fishberg and Fishberg,'® 
who produced lipemia in rabbits by prolonged bleeding, suggested that 
the lipoidemia is a compensatory mechanism for the loss of protein, in 
the maintenance of the osmotic pressure of the blood. This hypothesis, 
however, would not explain the occasional case of clinical nephrosis in 
which the cholesterol values of the blood seem to show no definite 
relation to the level of serum proteins or to the occurrence of edema; 
nor would it explain the lipoidemia (as in case 13) that may occur in 
chronic nephritis with normal serum proteins and no edema. 


14. Through Dr. George Baehr, we have had the opportunity of studying a 
case of chronic lipoid nephrosis in a 17 year old girl, in whom the blood choles- 
terol, which on admission was 700 mg. per hundred cubic centimeters of plasma, 
rose to the extraordinary figure of 2,200 mg., coincident with the administration 
of thyroxine. After the discontinuation of the treatment, the cholesterol regressed 
to 850 mg. per hundred cubic centimeters. 

15. Fishberg, E. H., and Fishberg, A. M.: Proc. Soc. Exper. Biol. & Med. 
25:296, 1928; Biochem. Ztschr. 195:20, 1928. 
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A slight but definite increase, both in the total cholesterol and phos- 
phatide values of the blood was further observed in three of five cases 
of chronic nephritis, in the stage of terminal uremia. The lipoid 
increases were hardly of the order of magnitude of those observed in 
nephrosis ; nor were we able to correlate them with conspicuous damage 
to the kidney tubules in the sections observed post mortem. In contra- 
distinction to this, all of the five cases of acute nephritis studied gave 
values within the normal ranges. 

Finally, increases in the free and combined cholesterol and in the 


phosphatide content of blood plasma are encountered in subacute or 
chronic glomerulonephritis with edema, as well as in so-called lipoid 
nephrosis, without demonstrable glomerular changes. In fact, the 


lipoidemia and the changes in serum protein in chronic diffuse nephritis 
with edema may in many instances be as pronounced as they are in 
nephrosis. The chemical picture may be so similar that a differentia- 
tion is made possible only by the history, the presence of erythrocytes 
in the urine, hypertension, changes in the fundus and cardiovascular 
involvement. 

SUMMARY 

1. Chemical studies of the blood plasma (cholesterol, cholesterol 
ester, phosphatides, serum proteins and urea nitrogen) were made in 
three cases of lipoid nephrosis, one instance of syphilitic nephrosis, 
one instance of amyloid nephrosis and seven cases of chronic glomerulo- 
nephritis with edema. In all of them, increased values were found for 
cholesterol, both total and ester, and for phosphatides. 

2. The cholesterol ester fraction was found to be consistently 
increased—in six cases up to from 80 to 90 per cent of the total 
cholesterol. This observation may be correlated, in considering the 
pathogenesis of nephrosis, with the presence of cholesterol esters in the 
urine (double refractile bodies) and in the kidney tubules. 

3. In most instances the lipoidemia was associated with a diminution 
of the serum proteins, especially of the albumin fraction. 

4. The seven patients with chronic glomerulonephritis with edema 
likewise showed lipoidemia. The increase in total cholesterol, cholesterol 
esters and phosphatides was as striking as that observed in cases of 
nephrosis. 
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TERMINAL HYPOGLYCEMIA* 


E. <4. SCHMIDT. Pu.D: 
WitH THE COOPERATICN 
NELSON CAREY, M.D. 


BALTIMORE 


The introduction of microchemical methods into the laboratories 
of hospitals has made available a fertile field for scientific investigation 
which has been attended by notable progress in the knowledge con- 
cerning many of the fundamental processes of life. This has been 
particularly true in regard to carbohydrate metabolism, and, while an 
increased content of blood sugar has been a familiar clinical phe- 
nomenon, the introduction of insulin therapy has focused attention 
on the hypoglycemic condition—a condition more frequent than was 
formerly supposed. 

The present work was started some time ago as a study of the 
chemical constituents of the blood at death and one hour after death. 
The purpose of the investigation was to study the value of postmortem 
blood chemistry, particularly in cases in which an autopsy is not 
obtainable, and to study the chemical changes that might take place 
in the blood constituents during the hour immediately following death. 
Especial attention was given to the blood sugar and any changes it 
might undergo, because of the practical as well as the scientific value and 
also because of the possible medicolegal significance. The specimens of 
blood were obtained by cardiac puncture immediately, or within ten 
minutes, after death and one hour after death. Since the corpuscles 
of the postmortem heart blood frequently settle, all chemical determi- 
nations were made on the plasma by the usual hospital methods,’ 
although frequently there was insufficient material for a complete 
analysis. 

The concentrations of sugar and urea in the blood and in the plasma 


are essentially the same, although, as is well known, the plasma chlorides 


are considerably higher than the chlorides of the blood, and the plasma 
amino-acid nitrogen is somewhat lower. 


* Submitted for publication, May 26, 1930. 

* From the Biochemical and Medical Departments of Mercy Hospital and 
the Department of Biological Chemistry of the University of Maryland Schoo! 
of Medicine. 
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The data are given in the accompanying table. The most inter- 
esting and suggestive observations to cause sudden alarm were the fre- 
quent low terminal amounts of sugar in the blood or the plasma, which 
seemed to indicate that hypoglycemia was a complicating factor in the 
death of a large percentage of the cases. Thus among thirty-three 
unselected cases, taken as opportunity permitted, there were twelve cases, 
or 36 per cent, that showed low blood or plasma sugars, ranging from 
28 to 75 mg. per hundred cubic centimeters at the moment of death. 
These surprisingly low values for sugar were totally unexpected since 
none of these patients had received insulin or any other antihyper- 
glycemic substance, nor were there any obvious clinical reasons or 
symptoms to indicate hypoglycemia. The diagnoses of the cases in the 
table were taken from the patients’ charts and were primarily clinical, 
although a few were confirmed by autopsy. Extended clinical dis- 
cussions and protocols hardly seem warranted as the present series is 
too small to serve as a basis for an exhaustive theoretical discussion. 

The hypoglycemic condition appears to develop rapidly. Thus ten 
hours before death the patients in cases 1 and 2 had blood sugars of 
129 and 140 mg. per hundred cubic centimeters of blood, whereas, at 
death, the plasma sugars were 50 and 38 mg., respectively. The patient 
in case 11 had a terminal plasma sugar of 50 mg., whereas three hours 


before death the blood sugar had been 90 mg. That a definite hypo- 


glycemia existed before death is proved by cases 6, 7, 8 and 5 in which 
the values for blood sugar (obtained by venipuncture) were 28, 31, 33 
and 55 mg. at periods of one-half, one-half, one and four hours, 
respectively, before death, and the sugar values of the plasma of the 
heart blood were essentially the same at the time of death. The blood 
sugar apparently decreases uniformly throughout the body, as indi- 
cated by case 8, in which, one hour before death, there was a blood 
sugar of 33 mg. (by venipuncture), and at death, of 29 mg.; the corre- 
sponding plasma sugar taken from the heart at the same time was 
33 mg. 

An explanation of these unexpected observations is difficult. Nadler 
and Wolfer? stated that spontaneous hypoglycemia may be caused by 
hyperinsulinism * with excessive utilization of sugar, or a deficiency 
in the storage of glycogen or mobilization of sugar in the function of 


2. Nadler, W. H., and Wolfer, J. A.: Hepatogenic Hypoglycemia Associated 
with Primary Liver Cell Carcinoma, Arch. Int. Med. 44:700 (Nov.) 1929 

3. Wilder, R. M.; Allan, F. N.: Power, M. H., and Robertson. H. E 
Carcinoma of the Islands of the Pancreas, J. A. M. A. 89:348 (July 30) 1927 
Harris, S.: Hyperinsulinism and Dysinsulinism, J. A. M. A. 83:729 (Sept. 6) 
1924. Thalhimer, W., and Murphy, F. D.: Carcinoma of the Islands of the 
Pancreas: Hyperinsulinism and Hypoglycemia, J. A. M. A. 91:89 (July 14) 
1928. Allan, F. N.: Hyperinsulinism, Arch. Int. Med. 44:65 (July) 1929. Allan, 
F, N.; Boeck, W. C., and Judd, E. S.: The Surgical Treatment of Hyper- 
insulinism, J. A. M. A. 94:1116 (April 12) 1930. 
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the liver, but it appears difficult to believe that hyperinsulinism could 
be involved in all of the foregoing cases because the histories do not 
reveal any previous attacks of hypoglycemia. As will be noted in the 
table, at least three of the patients had obvious involvement of the liver, 
and it has been well demonstrated that complete removal of the livers 
of dogs results in a rapid fall in blood sugar.* Low blood sugars have 
also been observed in rare cases of gross hepatic disorders, such as 
acute yellow atrophy ° or carcinoma of the liver. However, the patients 
in cases 1 to 3 do not seem to present sufficiently severe hepatic disease 
to account for such low amounts of sugar, since many patients having 
greater damage to the liver have been seen with normal blood sugars. 
Even though in cases of hepatogenic pathology such low terminal 
sugar values are not so surprising, it is more difficult to explain the 
low sugar values found in cases 4+ to 9, which were diagnosed as 


nephrosis, uremia, empyema, carcinoma of the stomach and miliary 


tuberculosis, respectively. In these cases there was no apparent evidence 
of injury to the liver although, as Allan ® pointed out, the liver may still 
be at fault, and it is conceivable that one function may fail while other 
functions remain intact. The point is difficult to prove. Cases 10, 11 
and 12 presented postoperative conditions in which hypoglycemia 
seemed to develop suddenly. Again we have no explanation to offer 
except to point out that there may be some relation between post- 
operative shock and spontaneous hypoglycemia. 

During recent years various interesting types of hypoglycemia have 
been described. Thus certain relations between vitamin deficiency and 
hypoglycemia,’ spontaneous hypoglycemia,® compensatory hypoglycemia 
after the ingestion of sugar,® vagotonia and hypoglycemic reactions,’ 
hypoglycemia in hepatic disorders and eclampsia, as well as chloroform 
or carbon tetrachloride poisoning with resultant increase in guanidine 
values,"* severe pulmonary tuberculosis and hypoglycemia,’* trypano- 
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in Disease, Arch. Int. Med. 44:351 (Sept.) 1929. Rabinowitch, I. M.: J. Biol 
Chem. 83:333, 1929. 
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Arch. f. d. ges. Physiol. 203:365, 1924. 
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somiasis and hypoglycemia in guinea-pigs ‘* infectious disease of rabbits 
and hypoglycemia with fatty degeneration of the liver,’* ete., have 
been studied from various angles. However, none of the authors draws 
attention to or explains the great frequency of hypoglycemia found 
among hospitalized patients, as indicated by the data in the table. 

It is interesting to note that the patients in cases 5, 9 and 11, 
although receiving a 5 per cent dextrose Murphy drip, had low amounts 
of blood sugar, a condition that appears to demonstrate the futility of 
this type of therapy as a source of available carbohydrate for the 
organism. In fact, Pressman '* recently showed that following the 
introduction of dextrose into the rectum, the blood sugar level falls 
without a preliminary rise, and he pointed out that dextrose is usually 


given by rectum to patients in whom sugar depletion is likely to 


occur, and that the status of sugar deficiency would then be aggravated 
rather than improved by the administration of sugar via the rectal route. 

Although no diabetic patients are included in this study, many of 
the patients showed a definite hyperglycemia; none of this group had 
received dextrose, except those in cases 13, 14, 16 and 21, who had 
been receiving dextrose Murphy drips. However, as previously pointed 
out, this type of administration of sugar does not seem to produce an 
elevation in the level of the blood sugar. In a number of cases hyper- 
glycemia was quite marked and ranged from 130 to 219 mg. at the 
time of death. This great variety in terminal sugars, ranging from 
25 to 219 mg., again demonstrates the marked instability of the 
equilibrium of blood sugar in the patient who is desperately ill. 

In general, only a very small decrease in the blood sugar took place 
during the hour immediateiy following death. However, there were 
two noteworthy exceptions. Thus in case 22—a case of mercuric 
chloride nephrosis and bronchopneumonia—the blood sugar decreased 
from 154 to 50 mg., and in case 27—-a case of empyema and tobar 
pneumonia—the sugar decreased from 166 to 32 mg. during the hour 
following death. It is difficult to explain these marked decreases in the 
postmortem sugar content of the blood. Most of the remaining cases, 
several having the same diagnosis, showed but a slight decrease during 
the same interval and under the same conditions. As this work was 
nearing completion, the significant work of Paul,'® and that of Pucher 
and Burd,’? who found that the plasma sugar frequently was low from 

13. Dubois, A.: Compt. rend. Soc. de biol. 99:656, 1928. 

14. Oppel, W. W.: Ztschr. f. d. ges. exper. Med. 60:86, 1928. 

15. Pressman, J.: Am. J. M. Sc. 179:520, 1930. 

16. Paul, J. R.: Ayer Clinical Laboratory of the Pennsylvania Hospital, 
Philadelphia, October, 1925, Bull. 9. 


17. Pucher, G. W., and Burd, L. A.: Bull. Buffalo General Hospital, April, 
1925. 
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one-half to two hours after death. Paul suggested that hypoglycemic 
states must be relatively common in the terminal or agonal stages of a 
large variety of conditions. 

It was found that the plasma urea frequently increased rapidly dur- 
ing the last few hours of life. Thus in case 2, the blood urea rose from 
S52 to 150 mg. during the ten hours prior to death. However, there 
was little change in the urea during the hour after death, and a specimen 
taken during that time gave a true picture of the content of blood urea 
at the time of death. 

It has recently been shown that the amino-acid nitrogen of the blood 
remains constant in health and in disease ;'* however, the data in the 
table indicate a frequent terminal increase in aminonitrogen, which 
continues to increase after death. Cases 8 and 10 show a particularly 
high content of aminonitrogen, which is difficult to explain, since 
there were no signs of hepatic insufficiency or any other condition that 
might result in such marked amino-acidemia. The carbon dioxide- 
combining power of the plasma was determined in a few cases, and 
small decreases were usually noted during the postmortem hour, 
whereas the chlorides remained constant during the same interval. It 
nught be interesting to point out that in cases 22 and 27 in which there 
was such marked decrease in the postmortem sugar during the hour 


following death, there was a corresponding marked decrease in the 


carbon dioxide-combining power of the plasma and an unusually large 
increase in aminonitrogen, This chemical syndrome indicates a rapid 
cadaveric decomposition, but there seems to be no apparent reason why 
these unusual changes should have taken place since all of the hodies 
were treated alike, 1. e., allowed to remain in the death bed during the 
hour of postmortem study. 


SUMMARY 

1. Blood chemistry determinations have been made before, at and 
one hour after death, on thirty-three nondiabetic patients dying in the 
hospital. 

2. Among these thirty-three unselected cases, twelve cases, or 36 per 
cent, showed low terminal blood or plasma sugars, ranging from 28 to 
75 mg. per hundred cubic centimeters at the moment of death. 

3. In a number of cases it was demonstrated that this pronounced 
and suggestive hypoglycemia existed before death as well as at death. 

4. Only a slight decrease was noted in the blood sugar during the 
hour immediately following death, although there were two note- 


18. Schmidt (footnote 5, first reference). 
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worthy exceptions in which the sugar of the heart blood decreased from 
154 to 50 and from 166 to 32 mg. during the first postmortem hour. 

5. The blood urea frequently increased rapidly just prior to death, 
but little change took place after death. 

6. Frequently there was a terminal rise in amino-acid nitrogen, 
The carbon dioxide- 


which continued to increase somewhat after death. 
combining power of the plasma decreased somewhat shortly after death, 


but the chlorides remained unchanged. 
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LIVER EXTRACT FOR PERNICIOUS ANEMIA 


BLOOD CHANGES DURING THE FIRST MONTH; REPORT OF 
ONE HUNDRED AND ONE CASES * 


G. ZERFAS, M.D. 


INDIANAPOLIS 


The daily ingestion of large amounts of mammalian liver (200 = Gm. 


of prepared weight daily), together with a well balanced diet, has been 
shown by Minot and Murphy? to benefit essentially all patients with 
pernicious anemia. Following this epoch-making discovery, Cohn .and 


Minot and their associates * prepared, by means of chemical fractiona- 
tion, certain fractions of liver which were fed to patients with pernicious 
anemia. Minot and Murphy had previously accumulated data relative 
to the reticulocyte (young red blood cell) response and the rate of red 
blood cell formation in those patients fed liver. This knowledge there- 
fore served as a means of eliminating ineffective fractions and of 
estimating the potency of active fractions. A water-soluble, nitrogenous, 
nonprotein extraction of liver, known as “fraction G,” was obtained, a 
few grams of which were as effective in the treatment for pernicious 
anemia as were large quantities of whole liver. 

In order to make this therapeutic agent available, various fractions 
of liver were manufactured for the Pernicious Anemia Committee of the 
Harvard Medical School by Eli Lilly and Company. Liver extract 
no. 343, which closely resembled “fraction G,”’ was selected by the com- 
mittee for general distribution after satisfactory clinical evidence had 
been accumulated through the cooperation of a number of test clinics 
scattered in widely separated sections of the country. 

Minot, Cohn, Murphy and Lawson ®* reported on the use of this 
standardized product, no. 343, in the treatment of eighty-nine patients 


* Submitted for publication, May 26, 1930. 

*From the Lilly Laboratories for Clinical Research, Indianapolis City 
Hospital. 
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with pernicious anemia. When given daily in such amounts as were 
derived from 300 to 600 Gm. of liver (from 9 to 18 Gm. of the extract) ,* 
there was observed a rapid regeneration of the red blood cells and a strik- 
ing improvement in the health of the patients. 

The use of adequate daily amounts of liver or etfective fractions of 
liver for the treatment of patients with pernicious anemia has since been 
well established by numerous investigators in this country ° and in for- 
eign countries.” Sufficient time has now elapsed for one to say that 
effective fractions of liver have produced more than a_ temporary 
improvement in the blood and in the health of patients with pernicious 
anemia and have simplified the treatment of patients with this disease. 

The problem of standardizing and determining the potency of frac- 
tions of liver containing the active principle or principles cannot as yet 
be determined or even estimated by chemical or biologic methods. Like- 
wise, true pernicious anemia cannot as yet be produced by experiment in 
animals ; consequently, it is necessary to determine the relative potency 
of these fractions by feeding approximately a maximal daily amount to 
patients with pernicious anemia who are in relapse and who have no 
complications. 

The data recorded by Minot, Cohn, Murphy and Lawson relative to 
the production of the maximum number of reticulocytes, as observed 
and calculated, and the rate of red blood cell formation when patients 
with pernicious anemia were fed maximal daily amounts of liver extract 
no, 343 serve as a standard by which various lots of liver extract or 
other therapeutic agents employed for the same purpose may _ be 


evaluated. 


It is my purpose in this paper to record additional data obtained 
when liver extract no. 343, made under the direction of the Committee 


on Pernicious Anemia, was employed and data obtained subsequently up 
4. Minot, Cohn, Murphy and Lawson (footnote 3) have estimated that the 
loss in the preparation of the standardized extracts from whole liver probably 


does not exceed 30 per cent. 
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to the present time. Information on various fractions of liver made 


during the period of early production and prior to the production of the 


standardized product is also included. These other fractions were sim- 
ilar to extract no. 343, but varied in potency to a greater extent than did 
the standardized product. 

There is little information reported in this paper which has not been 
presented in the exhaustive work of Minot and his associates ; however, 
these observations, made on a series of controlled patients, confirm and 
add to that which has already been reported. 


CLINICAL MATERIAL AND METHODS 

In this series 101 patients with typical primary pernicious anemia 
were studied over a period of from one month to three years. Sixty-one 
of these patients were fed adequate daily amounts of the standardized 
liver extract no. 343, and were treated at a time when their initial red 
blood cell counts ranged between 0.53 and 3.27 million per cubic milli- 
meter of blood and averaged 1.64 million. 

There were twenty-five additional patients, whose red blood cell 
counts before treatment averaged 1.7 million per cubic millimeter of 
blood, who were fed various experimental fractions of liver similar to 
liver extract no. 343; however, only the rate of red blood cell produc- 
tion at the end of one month’s treatment has been reported in this 
paper. Information relative to the production of reticulocytes has been 
purposely omitted, although, in many instances, it compared favorably 
with that observed when extract no. 343 was administered. 

There were fifteen patients treated with the standardized liver extract 
no. 343 when their initial red blood cell counts were above 3 million per 
cubic millimeter and averaged 3.4 million. 

On admission to the hospital, each patient was studied for the pur 
pose of establishing the diagnosis of pernicious anemia. Control data 
relative to the formed elements in the blood, the percentage of hemo- 
globin (Newcomer method) and blood bilirubin determinations were 
made. The reticulocyte counts were made from fixed cover-glass prep- 
arations of capillary blood stained with brilliant cresyl blue and counter- 
stained with Wright's stain. The percentage of reticulocytes was based 
on the number observed in counting 1,000 red blood cells, and very high 
or very low counts were checked. The absolute number of reticulocytes 
per cubic millimeter of blood was calculated by multiplying the number 
of red blood cells by the percentage of reticulocytes that occurred at the 
same time. In the majority of cases, daily observations of the blood 
were made during the first three or four weeks of treatment with monthly 
observations thereafter. 
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Data were excluded when the percentage of reticulocytes was high 
(above 3 per cent) before treatment as a result of the ingestion of liver, 
blood transfusions, complicating factors such as infectious processes or 
as a result of spontaneous remissions. The data obtained after the 
first month of treatment will be reported in a separate paper. 


RESPONSE OF THE RETICULOCYTES AT VARIOUS RED BLOOD 
CELL LEVELS 

In table 1 are recorded the results obtained when maximum daily 

amounts of the standardized liver extract no. 343 were fed to sixty-one 


patients with pernicious anemia, whose red blood cell counts immediately 


before treatment was begun ranged between 0.53 and 3.27 million per 
cubic millimeter of blood. The absolute number of reticulocytes before 
treatment was begun at the peak of their rise and at the end of the third 
week has been recorded. 

There was a distinct tendency for the number of reticulocytes 
observed at the peak of their rise to be greater, the lower the red blood 
cell count before treatment, so that approximately an inverse relation 
existed. Individual variations, however, were observed. 

In nearly every instance the number of reticulocytes in the blood at 
the end of the third week of treatment was greater than the number 
observed before treatment was begun. 

In case 58, 58A and 58C three separate and distinct relapses occurred 
because of the omission of liver extract, and, in each instance, reticulo- 
cyte responses were obtained when treatment with adequate daily 
amounts of liver extract was resumed. 

The characteristics of the reticulocyte responses were typical of 
those described by Minot and his associates and others for patients fed 
adequate daily amounts of potent fractions of liver. As a rule, the first 
increase in the absolute number of reticulocytes was observed about the 
fourth day after treatment was begun. The peak of the rise (the great- 
est absolute number of reticulocytes) was reached usually between the 
eighth and ninth days, after which there was a gradual decrease. 
Approximately three weeks were required to complete the reticulocyte 
response, that is, from the beginning of their increase until the number 
approached that found normally in the blood. 


RESPONSE OF THE RETICULOCYTES TO VARIOUS DAILY AMOUNTS 
OF LIVER EXTRACT NO. 343 
The maximum number of reticulocytes delivered into the circulation 
at the peak of their rise was influenced by the daily amount of potent 
fractions of liver administered. 


| 


TaBLE 1—The Number of Reticulocytes at the Peak of Their Rise and the Red 
Blood Cell Counts at the End of Approximately One Month of Treatment 
When Approximately Maximal Daily Amounts of the Standard- 
ised Fraction of Liver No. 343 Were Fed to Sixty-One 


Patients with Pernicious Anemia During Relapse 


Reticulocytes in Millions Red Blood Cells in 
per C.Mm. Millions per C.Mim 

At Peak End of Immediately End of 

Before f Third Before Approximately 
Treatment is Week Treatment One Month 


0.085 0.6 0.012 
0.005 0.085 
0.002 0.100 
0.024 2 0.065 
0.018 A 0.076 
0.031 3 0.009 
0.019 Hy 0.027 
0.005 0.123 
0.013 3 
0.083 


0.025 
0.023 
0.074 
0.068 
0.064 
0.093 
0.065 
0.071 
0.060 
0.028 
0.061 
0.032 
0.081 
0.060 
0.115 
0.117 
0.042 
0.110 
0.018 
0.114 
0.053 
0.011 
0.120 
0.007 
0.017 
0.083 
0.064 
0.057 


0.116 
0.085 
0.044 
0.026 
0.112 
0.057 
0.061 
0.065 
0.049 


1. 
1.1 
i. 
1.3 
1.3 
1.33 
1.35 
1,3 
1.3 
1.3 
1 
1.4 
1.4 
1. 
1. 
1 
1. 
1 
1 
1.6 
1.6 
17 
1.78 
1.8 
1.9% 
1% 
1.§ 
208 


0.026 
0.013 
0.041 
0.015 
0.058 


0.076 


* This patient had a persistent diarrhea during the entire month of treatment and was 
given 4 ec. of dilute hydrochloric acid three times daily without relief. Failure to absorb a 
sufficient amount of the active princinle probably accounted for the low red blood cell count 
at the end of the first month of treatment. 


Case Sex Age 
36 68 0.53 2.00" 
%6 M 40 0.55 3.57 
53 M 69 0.63 3.54 

3 M dl 0.91 3.53 
21 71 09 3.00 
58 55 0.99 3.06 
88 55 0.99 3.34 
16 68 1.00 3.24 
65 42 1.04 3.00 
59 27 1.05 3.23 
14 50 0.050 0.61 1.08 4.06 

6 45 6.008 0.33 3.67 
71 67 0.020 0.56 
97 55 0.026 0.48 ) 3.63 

106 63 0.028 0.44 H 3.33 
11 26 0.036 0.63 3.71 
66 55 0.008 0.30 3.90 
12 66 0.021 0.24 3.16 
72 71 0.060 0.45 ) 3.6 
83 a 50 0.023 0.45 ) 3.68 
8 27 0.010 0.37 zee 
92 M 71 0.024 0.42 y 3.53 
2 M 58 0.022 0.41 3.97 
91 M 62 0.020 0.60 4.32 
90 M 42 0.003 0.55 j 3.96 
10 F 59 0.020 0.38 3.48 

108 F 46 0.016 0.29 | aia 

: 20 M 46 0.031 0.27 3.52 

1A M 66 0.010 0.20 | 3.82 

98 M 51 0.042 0.33 | 3.50 
28 F i4 0.031 0.33 3.39 
22A M 48 0.032 0.22 3.00 
64 F 54 0.043 0.30 | 3.59 
19 M 52 0.006 0.56 3.40 

; 9 M 52 0.017 0.57 3.69 
55 M 66 0.029 0.32 3.69 
75 M 70 0.036 0.47 3.02 
q 63 M 57 0.021 0.24 3.61 

68 M 55 0.016 0.52 teks 3.68 
24 M 29 0.025 0.53 4.17 - 
V7 F 61 0.015 0.44 3.87 
93 M 59 0.009 0.46 3.87 

4 101 M 68 0.017 0.21 3.27 

111 F 38 0.022 0.39 hams 
58A F 55 0.041 0.32 3.23 
56 F 65 0.038 0.28 3.05 
58C F 55 0.031 0.26 3.00 
54 M 49 0.005 0.29 4.18 
25 F 37 6.020 0.35 3.15 
23 M 48 0.016 0.65 
17 M 44 0.045 0.39 0.063 3.55 

103 M 51 0.040 0.22 onke 3.77 

110 F 60 0.025 0.14 0.069 3.51 
95 M 58 0.024 0.25 0.06 = 3.47 
46 M 41 0.033 0.25 0.061 2.23 3.49 

‘ 62 M 60 0.069 0.13 0.087 2.23 3.36 

42 M 62 0.011 0.12 oe 2.32 3.67 
15A F 43 0.047 0.22 2.37 3.44 
99 M 57 0.016 0.15 i 2.44 3.36 

60 M 60 0.002 0.12 2.63 4.35 
41 F 60 0.0297 0.98 2.99 3.36 
52 M 61 0.049 0.12 2.06 3.67 
44 M 53 0.023 3.27 3.00 
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In table 2 are recorded observations made during the treatment of 
twenty-six patients with pernicious anemia whose red blood cell counts 
unmediately before treatment were at similar levels and were below 
3 million per cubie millimeter of blood. 

The amount of active principle derived from 100 Gm. of liver, when 
given daily to one patient for twenty-eight days, was not sufficient to 
produce a reticulocyte response or an increase in red blood cells. When. 
the same total amount of extract (112 Gm.) was fed at the rate of 12 
(am. daily (extract derived from 300 Gm. of liver) to the same patient, 
a prompt increase in reticulocytes and red blood cells was obtained on 
the seventh day. (See case 1A, table 1.) 

In those patients who received the active principle derived from 
300 Gm. of liver daily, a slightly submaximal number of reticulocytes 
was produced at the peak of their rise, and the day on which the peak 


laste 2.—Data Concerning Twenty-Six Patients Receiving Liver Extract 
No. 343 in Various Daily Amounts 


Daily Average Number Average Number of 
Amount of Average of Reticulocytes Red Blood Cells in 
Standardized Number at Peak of Millions per C.Mm. 
extract of Days to Their Rise, 
Number of Derived from Retieulocyte in Millions Before End of First Gain, End of 
Cases Liver, in Gm. Peak per C.Mm. Treatment Month First Month 
1 100 No increase in 28 days 1.3 1.4 ea 
6 300 10.3 1.0 3.5 2.5 
6 400 o.0 1.3 3.3 2.0 
6 600 8.0 1.5 3.4 1.9 
7 800-1,000 + 7.0 0.309 1.3 3.3 2.0 


occurred was somewhat later than when amounts derived from 400 to 
1,000 Gm. of liver were fed. Essentially a maximum number of reticu- 
locytes was produced when the active principle obtained from 400 Gm. of 
liver was given daily. Greater amounts of the active principle did not 
produce an appreciable increase in the average number of reticulocytes 
at the peak of their rise. The velocity of the reticulocyte response, 
however, was increased so that the average day of the peak was reached 
sooner. The increased velocity of the reticulocyte response had little 
advantage from a practical point of view, since the red blood cell counts 
for the various groups reached about the same level at the end of the 
first month of treatment. 

At the present time, fractions of liver are being clinically tested for 
potency by giving a slightly submaximal amount of liver extract daily 
(that derived from 300 Gm. of liver). It is believed that this permits 
a more critical test than when maximal daily amounts are administered. 


RATE OF PRODUCTION OF RED BLOOD CELLS 


The rate of production of red blood cells was largely dependent on 
the number of reticulocytes delivered into the circulation when the level 
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of the red blood cells before treatment was below 3 mullion per cubic 
millimeter of blood. Those factors which have been shown to influence 
the magnitude of the reticulocyte response, such as the level of the red 
blood cells before treatment and the daily ingestion of maximum 
amounts of potent fractions of liver, have in turn influenced to a great 
extent the rate of red blood cell production. 

In table 1 the red blood cells at the end of the first month of treat 
ment averaged, for the group of 61 patients, 3.5 million per cubic milli 
meter of blood. The data in table 3 include the averages for the red 
blood cells before treatment and at the end of one month for the various 
groups which comprised the total number of 101 patients treated. 

The groups of patients whose average initial red blood cell counts 
were below 3 million per cubic millimeter reached an average level of 
TABLE 3.—Increase in Red Blood Cells at the End of Approximately One 

of Treatment with Liver Extract No. 343 and Other Comparable, 
Potent Fractions of Liver 


\verage Red Blood Cell Count per C.Mm. in Millior 


End of Gain, End of 

Range of Red Blood Cells Immediately Approximately Approximately 
Number of in Millions per (.Mm. sefore One Month's One Month's 
Cases Before Treatment Treatment Treatment Treatment 


approximately 3.5 million at the end of the first month of treatment, 
5 million, 


> 


although there were individual variations above or below 


some of which are shown in table 1. 


The rate of red blood cell production during the first month of 


treatment is useful in attempting to evaluate the potency of a given 
therapeutic agent, especially. when combined with information relativ 
to the production of reticulocytes at the peak of their rise. 

The gain in the average number of red blood cells at the end of t] 
first month for the various groups was in inverse relation to the average 
level of the red blood cells before treatment was begun. 

In the groups of patients with initial red blood cell counts below 
3 million per cubic millimeter, the reticulocyte responses accounted for 
the greater gains in red blood cells observed; whereas the groups with 
initial red blood cell counts above 3 million showed smaller gains, and 
no apparent increase in the number of reticulocytes was seen in the 


blood stream. 


8 0.55 to 1.0 0.78 3.45 67 
; 30 10 to 1.5 1.22 3.52 2.30 
4 20 15 to 2.0 1.74 6 1.82 
: 16 2.0 to 2.5 2.22 3.48 1.26 
12 25 to 3.0 273 62 pes 
f 9 3.0 to 3.5 3.30 4.01 0.71 
a 6 3.5 to 3s 3.71 4.30 0.59 
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OTHER CHANGES IN THE BLOOD 

Myclocytes and nucleated red blood cells of various types were 
frequently observed in the blood, especially preceding or during the 
period in which the reticulocytes appeared in greatest numbers. During 
this period and sometimes immediately following it, the white blood cells 
increased from leukopenic levels to normal or greater than normal 
with an absolute increase in granulocytes. A leukocytosis which occa- 
sionally reached from 12,000 to 15,000 per cubic millimeter of blood was 
seen in many instances. The occurrence of eosinophilia, reported in nat- 
ural remissions and in those produced by the feeding of liver, was not 
observed in the series of patients fed liver extract. 

The blood platelets were decreased in number during relapse and 
were abnormal in their histologic appearance. During the reticulocyte 
response they also increased, as time passed, usually to numbers greater 
than normal. Later they regained their usual morphologic appearance 
and approached the number found normally in the blood. 

The hemoglobin increased at a slower rate than the red blood cells 
in most instances, so that the color index usually dropped below 1 in 
from three to five weeks. In the patients who produced the greatest 
number of reticulocytes on the day of the peak of their rise, the color 
index decreased most rapidly, often reaching 1 or below by the end of 
the second weck. The color index remained above 1 in the patients 
who showed the slowest increase in red blood cells and in most of the 
patients with pronounced neurologic manifestations, even though their 
red blood cells had reached normal levels. 

The majority of the patients had an increase in blood bilirubin during 
relapse, which decreased rapidly in all of the cases and usually faster in 
the cases with the greatest reticulocyte responses. The patients who had 
unsatisfactory reticulocyte responses because of too little extract did not 
experience a decrease in their blood bilirubin. The blood bilirubin 
became normal, or less than normal, by the end of the first two or three 
weeks. 

CLINICAL IMPROVEMENT 

The degree of clinical improvement following an adequate response 
of the red blood cells has been described by numerous investigators, so 
that it has become a matter of common knowledge ; suffice it to say, that, 
with the exception of those patients who had or developed complications 
during the first month of treatment, striking clinical improvement was 
observed and the general health of the patients was materially benefited. 


SUMMARY 


One hundred and one patients with typical pernicious anemia were 
treated with potent fractions of liver. Sixty-one of these patients were 
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given adequate daily amounts of a standardized fraction of liver, 
no. 343. The results obtained relative to the production of reticulocytes 
are in accord with those reported by Minot and his associates. The 
maximum number of reticulocytes produced at the peak of their increase 
was influenced by the level of the red blood cells before treatment was 
begun and by the daily amount of potent extract of liver ingested. 


In uncomplicated cases, the amount of extract (approximately 12 
Gm.) derived from 300 Gm. of liver produced a slightly submaximal 
number of reticulocytes on the day of the peak; however, the number 
of red blood cells produced at the end of one month was essentially the 


same as that produced when larger daily amounts of extract (that 
derived from 400 to 1,000 Gm. of liver) were given. 

The average gain in red blood cells at the end of one month's treat- 
ment for the entire series of 101 patients bore an inverse relation to 
the level of the red blood cells before treatment was begun. In the 
patients whose red blood cell counts were below 3 million per cubic milli- 
meter of blood before treatment, the count reached approximately a level 
of 3.5 million at the end of one month. 

The number of reticulocytes produced at the peak of their rise, 
combined with information relative to the rate of red blood cell pro- 
duction for the first month of treatment, seems a useful means of 
determining the potency of fractions of liver. 


Miss Helen Chandler gave me much technical assistance. 


GASTRIC AND DUODENAL ULCER IN THE BLACK 
PEOPLE OF AEYSSINIA * 


STUART BERGSMA, M.D. 


ADDIS ABABA, ABYSSINIA 


Gastric and duodenal ulcer is generally regarded as a rare condition 


among Negroes.’ One of the standard systems of surgery? contains 
the records of the New Orleans Board of Health for ten years. In the 
decade cited, gastric ulcer caused 0.123 per cent of the deaths among the 
white population, but only 0.043 per cent of those among the Negroes; 
of 6,800 medical cases in white persons there were 58 (0.086 per cent) 
of gastric ulcer, whereas of 4,900 medical cases in Negroes there were 
only 2 (0.004 per cent) of gastric ulcer; i. e., there were approximately 


twenty times as many cases in the white population as in the black. \ 
recent statistical summary of the Bellevue Hospital, New York, from 
1904 to 1922 gave a total of 120 cases of gastric ulcer, of which only 
2 were in Negroes. Forty-four cases of duodenal ulcer were recorded, 
none of which were in Negroes.’ Frank cited 2 cases of duodenal ulcer 
and 1 of gastric ulcer which were personally seen by him; he described 
the condition as rare.* 

This, however, is not true of the black people of Abyssinia, among 
whom gastric and duodenal ulcer is a_ relatively common disease. 
Peculiarly enough, acute appendicitis in an Abyssinian is a distinct 
rarity. According to information from personal conversation with other 
physicians in Abyssinia, not a single case of acute appendicitis has 
been seen in an Abyssinian. As usually stated, one is led to believe 
that there is something in the black race itself which makes gastric 
and duodenal ulcer an unusual occurrence in Negroes in the United 
States. That this is not the fact and that other factors must be sought 
among the black people of the United States of America is my con- 
tention in this article when I stress the relative frequency of the disease 
among the black people of Abyssinia. 

* Submitted for publication, June 10, 1930. 

*From the American Mission Hospital. 

1. Lewis, Dean: Practice of Surgery, Hagerstown, Md., W. F. Prior Com- 
pany, Inc., 1928, vol. 6, chapt. VI, p. 5. 

2. Keen: Surgery, Philadelphia, W. B. Saunders Company, 1921, vol. 4, pp. 
1145 and 1142. 

3. Sturtevant, M., and Shapiro, L. L.: Gastric and Duodenal Ulcer, Fre- 
quency, Number, Size, Shape, Location, Color, Sex and Age, in 7,700 Necropsy 
Records at Bellevue Hospital, Arch. Int. Med. 38:41 (July) 1926. 

4. Frank, L. W.: Duodenal Ulcer in a Negro, Kentucky M. J. 20:74, 1922. 
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Abyssinia is a very new country in a surgical sense. Until approxi- 
mately six years before the present writing, there was not a single 
surgical hospital in Abyssinia, and it has been only within the last four 
years that any considerable number of major operations have been 
performed. But what has impressed me at the two largest hospitals in 
Abyssinia (hospitals with only seventy and thirty beds, respectively) is 
the relatively great number of the black people whose chief complaint 
is “stomach trouble” of several years’ duration. It has proved an 
entire waste of time and medicine to attempt to treat any of the patients 
with gastric or duodenal ulcer by diet and alkaline treatment similar 
to that of Sippy, even in selected acute cases. While in the hospital, 
the patient does well on a milk diet and alkalis, and experiences com- 
plete relief from pain and hyperacid burning. He is discharged in good 
condition with sufficient medicine for several weeks and fails to report 
at the clinic. A few months later he returns, again very miserable, 
having neglected to take any powders after his first day out of the 
hospital and having returned to his native diet within a few days of 
leaving the hospital. Since this diet consists of a sour bread, an 
extremely peppery sauce and raw meat, and since milk is practically 
unobtainable, it is manifestly impossible to control gastric and duodenal 
ulcer medically here, as one does not have any measure of intelligent 
cooperation on the part of the patients, and as it is impossible for them 
to obtain anything approaching an ulcer diet in their homes. 

During the two years that I have been in Abyssinia, approximately 
200 patients with acute and chronic gastric and duodenal ulcers have 
presented themselves at the clinic of the American Mission Hospital, 
Addis Ababa, Abyssinia. Of this number several were first accepted 
for gastric study and medical treatment, but later this proved worth- 
less. Thereafter all patients who for several years had suffered with 
vomiting and pain and who gave evidence of pyloric obstruction were 


admitted to the hospital if consent was obtained to an operation if 


necessary; patients with the more acute condition, without pyloric 
obstruction, were given medicine and dietary directions in the outpatient 
department, and an attempt was made to control them outside the 
hospital. 

In the last two vears, sixteen of the many patients with gastric 
disturbance for many years (ranging anywhere from four to fifteen 
years of vomiting, hematemesis, melena and epigastric pain) consented 
to operation. In all instances hyperacidity ranging from 70 to 120 ce. 
of tenth-normal sodium hydroxide and great pyloric obstruction were 
found; in most cases almost all of the test meal was returned after 
seven hours, and in some cases the remains of beans, native bread and 
other native food eaten as early as forty-eight hours before admission to 
the hospital were found in the stomach washings. All the patients except 
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one were men, Owing perhaps not to the greater preponderance of the 
disease among men, but to the fact that it is difficult to get the consent 
of the husbands for women to come to the hospital for operation. The 
ages ranged from 17 to 55 years. In all the patients except the 17 year 
old boy mentioned there were multiple healed ulcers, and occasionally an 
ulcer in the acute or chronic stage; the pyloric region was converted 
into a hard, scarred fibrotic ring with the lumen greatly constricted. 
In many cases the healed ulcers were on both the anterior and the 
posterior aspects of the pyloric portion of the stomach, and the stomach 
was adherent to posterior structures at several points, which proved to 
be sears of old ulcers. In all these cases posterior jejunostomy was 
performed. The patient, aged 17, had had symptoms of gastric ulcer 
for only six months, but he showed a great return of the test meal 
after seven hours. As the patient was the servant of a government 
official, a fluoroscopic and roentgenologic study of the gastro-intestinal 
tract was made at the small hospital of His Majesty, the King of 
Abyssinia. This disclosed a definite niche just proximal to the pylorus 
on the lesser curvature. The roentgenogram did not account for the 
failure of food to move on quickly; the barium meal seemed to move 
out of the pylorus into the duodenum normally. Operation disclosed 
an ulcer of the stomach exactly as seen in roentgenograms; the pylorus 
was entirely normal, but in the first inch of the jejunum there was a 
large chronic jejunal ulcer which had scarred down to such an extent 
that the lumen of the jejunum was almost obliterated. An adequate 
posterior gastrojejunostomy was performed just distal to the constricted 
portion of the jejunum. The patient had no more complaints, and the 
gastric ulcer healed spontaneously. 

The director of the Negus Tafari Hospital of His Majesty the King, 
at Addis Ababa, informed me that his opinion on the relative frequency 
of gastric and duodenal ulcers among the black people in Abyssinia 
coincided with mine. At this hospital roentgen diagnosis is made, but 
not in all cases, as most of the patients are indigent and as the cost 
of x-ray materials is excessive. In most cases in which the roentgen 
ravs have been used in the study of ulcer, however, gastric ulcers and 
pyloric obstruction were demonstrated by roentgenograms and_ by 
fluoroscopy. This hospital has averaged eight posterior gastro- 
enterostomies for chronic gastric and duodenal ulcer per year in the last 
three years, all in black persons. It is peculiar that with 5,000 white 
inhabitants in Addis Ababa, not one white person with gastric or 
duodenal ulcer has come to the two hospitals. Hence, I would be forced 
to conclude from these statistics that gastric and duodenal ulcer is 
common among the black people, but rare among the white people. 
Conversely, since the white population furnishes the cases for appendec- 
tomy, I would conclude that acute appendicitis is rare among the black 


= 
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race in general, but common in the white race. The latter statement 
conforms with general surgical opinion.* 

When one seeks factors among the Abyssinians that differentiate 
them from the Negroes of America, one finds the most striking differ- 
ence in the diet. Lesser factors, such as the fact that approximately 
95 per cent of the population is constantly the host of the beef tape- 
worm, the greater frequency of other helminthic parasites, especially 
Ascaris lumbricoides, and the greater frequency of syphilis (from 90 to 
95 per cent of the population is infected), may be ruled out as helminths 
atfect chiefly the lower part of the bowel and as syphilis rarely causes 
ulcers of the stomach. A high percentage of the Negroes of the United 
States have syphilis; hence one would expect gastric ulcer to be common 
among them if syphilis were a causative factor. 

The striking thing concerning the Abyssinians is their diet. The 
chief articles of diet are a heavy sour bread and a sauce that is approxi- 
mately 50 per cent cayenne pepper. The sour bread is in the form of 
an immense thin pancake; part of it is broken off, rolled up in the 
form of a cornucopia, plunged into the pepper sauce so that a few table- 
spoonfuls of the sauce fill the cone, taken into the mouth and, almost 
without mastication, washed down with copious draughts of honey- 


water. My first native meal of bread and pepper sauce caused numerous 
herpes blisters about the mouth, and I have since eaten it only occa- 


sionally and then diluted. 

When one considers the action of this pepper as a constant diet. 
one is led to expect gastric derangements. A standard textbook on 
therapeutics states : 

Capsicum, U.S.P. (Cayenne Pepper, African pepper). Externally applied, 
capsicum excites burning and redness, and in concentrated form even vesication. 
When taken internally in small doses, it produces a sense of warmth in the 
stomach, stimulates peristalsis and aids in the expulsion of flatus. Large doses 
produce severe irritation of the gastro-intestinal tract, characterized by pain, vom 
iting, purging and dysuria, with scanty dark-colored urine. It is employed 
chiefly as a rubefacient, stomachic and carminative.5 


When one considers that from the time native babes are weaned. 
approximately at the age of 2 years, until old age, the diet contains 
monotonously the same dishes of sour bread, pepper sauce, mildly 
intoxicating drinks and occasional beans, peas and slightly cooked or 
raw meat, it is not surprising to find disturbances of the stomach a 
common occurrence and, at an early age, a contracted and_ scarred 
pylorus. It would be interesting to compare the incidence of gastric 
ulcer in other countries having a very high pepper diet with that of 
Abyssinia. 


5. Stevens: A Text-Book of Therapeutics, ed. 6, Philadelphia, W. B. Saun- 
ders Company, 1923, pp. 202 and 203. 
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In considering any theory of the pathogenesis of gastric ulcer in 
Abyssinia, one is forced to lean strongly toward the theory that these 
ulcers are caused by a chemical action on the mucosal cells. Hence one 
would support the so-called digestive or corrosive theory of the 
pathogenesis of gastric ulcers. The chronicity of the ulcers is, no doubt, 
due to the continuation of the chemical insults to the gastric mucosa. 
This would be in harmony with Ivy's * views that the chronicity of the 
ulcer is due to a general lowered resistance of the body and a period 
of temporary hypo-acidity or achylia. A gastric mucosa that is fre- 
quently damaged by extremely irritating food would respond immedi- 
ately by hypersecretion of gastric juice with increased acidity, but 
immediately following such periods of gastric inflammation and hyper- 
acidity there would be a shorter or longer period in which the gastric 
mucosa was readjusting itself, and diminished acidity would result. 
Many of these patients with chronic gastric and duodenal ulcers are 
in a state of general lowered resistance to all infection owing to mal- 
nutrition and occasionally to tropical diseases, such as frequent attacks 
of malaria, relapsing fever, typhus and the dysenteries. 


CONCLUSIONS 

The black people of Abyssinia represent an exception to the general 

rule that gastric and duodenal ulcers are rare in the black race. There 

is perhaps nothing in the black race per se that makes gastric ulcer 

uncommon in the Negroes of the United States. The chief factor in 

the production of gastric ulcer among the Abyssinians is an unusually 
high red pepper content of the diet. 


6. Ivy, A. C.: Contributions to the Physiology of the Stomach, Arch. Int. 
Med. 25:11 (Jan.) 1900. 


GASTRO-INTESTINAL MYIASIS 
REPORT OF CASE * 
ALONZO F. BRAND, M.D 


FAYETTEVILLE, N. 


Infestation of various parts of the human body by dipterous larvae 
was probably recognized by the ancients as early as the time of Homer, 
who wrote of a man affected by maggots. The first authentic case of 
myiasis, however, seems to have been reported by Leeunwenhoek about 
the seventeenth century, when he described an infected wound of the 
leg caused by fly larvae. 

The literature contains numerous reports of infestations of the ear 
and nose and of external wounds, but those of the gastro-intestinal tract 
are comparatively rare, there being but sixty-three cases reported to date. 
Of these, twelve were caused by Fannia canicularis or the black flower 
Hy, eleven by Musca domestica or the common house fly, four by 
Fannia scalaris, six by Sarcophaga or the flesh fly, three by Piophila 
caset or the cheese maggot fly, twelve by /ristalis tenax or the drone 
fly, one by Calliphora erythrocephala or the so-called bluebottle fly, one 
by Anthomyia radicum or the root maggot fly, and one by Muscina 
stabulans or the stable fly ; five cases were unclassified ; in six cases there 
was a combination of two different infesting flies, and in one case there 
were three different types. 


The case that I shall present is one of gastro-intestinal myiasis 


caused by A/usca domestica and Stomoxys stabulans. This is the first 


case in the literature, I believe, in which both flies were found, and 
it is but the second time the stable fly has been mentioned as the infest- 
ing agent. The first case was reported by Portschinsky in 1913, and 
occurred in a Russian peasant. This is also the first time that pupa 


cases have been reported as being found in the stools. 


REPORT OF A’ CASE 


History —The patient was a white boy, aged 15 months, whom I delivered at 
the hospital. Labor was uneventful, being a left occipito-anterior presentation and 
not prolonged. The infant, however, had an elevated temperature for ten days, 
and on three occasions vomited a small amount of fresh blood. On discharge 
from the hospital he seemed to be normal. The following five weeks were spent 


2 
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in a distant city. Then the child was readmitted to the hospital suffering from 
marasmus. He weighed only 5 pounds 2% ounces (2.3 Kg.) as compared with a 
birth weight of 6 pounds 14 ounces (3 Kg.). On discharge, three weeks later, he 
had gained to 6 pounds 10 ounces (3 Kg.). After three weeks’ stay at home he 
was again returned to the kospital, this time as a boarder. He remained for two 
weeks, and was discharged weighing exactly 7 pounds (3.2 Kg.). 

The child was not seen again for thirteen months. Then the mother brought 
him into the office complaining that for a little over a year he had been having 
convulsions. They recurred daily and varied from two to seven seizures in 
twenty-four hours. His appetite was extremely poor, the bowels moved once a 
day, and he urinated normally. He was unable to sit or even to hold the head 
erect. His diet was composed of a dried milk preparation, full strength, orange 
juice, cooked cereal and cod liver oil. Increase of the total intake or the addition 
of solid food seemed to cause a greater number of convulsions. One year pre- 
viously he had passed many thread-worms which were identified as such by a phy- 
sician. 

E-xamination.—Physical examination revealed a pale child aged 15 months, with 
a somewhat imbecilic expression, uninterested in his surroundings. He could neither 
sit nor hold the head erect. The legs would not support the weight of the body. 
He weighed 19 pounds (8.6 Kg.). Only three teeth had erupted instead of the 
usual twelve to sixteen normally found at this age. A rachitic rosary was present. 
The urine was normal. The blood count showed: hemoglobin, 85 per cent; red 
blood cells, 4,850,000; white blood cells, 7,000; polymorphonuclears, 31 per cent; 
lymphocytes, 68 per cent; basophils, 1 per cent; the erythrocytes were normal in size 
and shape. Gastric analysis was made; fasting content: free hydrochloric acid, 
12; combined acidity, 58 and total acidity, 70; one-half hour test meal: free 


hydrochloric acid, 11; combined acidity, 14, and total acidity, 25; one hour test 
meal: free hydrochloric acid, 13; combined acidity, 12, and total acidity, 25. The 
examination otherwise gave essentially negative results. During the examination 
a convulsion occurred beginning with a tremor of the right side of the face, then 
extending to the right arm and leg and finally spreading to the whole of the body. 
It lasted for several minutes. 


Course.-After a five weeks’ treatment, consisting of two ultraviolet irradia- 
tions per week and an increased diet ot various fresh vegetables, the convulsions 
decreased to one about every four days. They were much milder. It was at this 
time that the mother stated that the child was passing some “white worms” in the 
stools. She was instructed to bring the diaper immediately if this occurred again. 

During the sixth week she came to the office with a fresh stool as directed. 
The diaper was found to be alive with maggots which were mixed throughout the 
stool. They were a dirty gray, about 1 cm. in length, and propelled themselves 
like caterpillars. They were composed of about twelve segments with a black dot 
at the anterior pointed extremity. 

On further examination of the stool numerous brown pupa cases were found, 
which were about one-fourth inch (0.6 cm.) in length. At this time neither the 
larvae nor the cases could be identified. Eight of the pupa cases, however, were 
placed in a tightly covered glass jar and kept at room temperature. Several days 
later the cases were found open, and the adult flies flying about in the container. 
These together with the larvae and empty pupa cases were taken to Prof. Norman 
Phillips of the Zoology Department of Syracuse University, who identified the 
larvae as those of J/usca domestica and the adult flies as Stomoxys stabulans. 
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This identification was later confirmed by Prof. O. A. Johannsen of the New York 
State College of Agriculture at Cornell University. A peculiar thing was that all 
of the larvae were of the Musca domestica species, while all of the adult flies were 
of the Stomoxrys stabulans type. 

The mother stated that a week previously she had found several similar mag 
gots on a diaper which contained no fecal matter, but had merely been soiled by 
urine. She said that the diaper had been perfectly clean when it was put on, 
having been boiled and laundered that same day. 

Three weeks after the discovery of the first larvae, the child became 
restless and cried a great deal, whereupon the mother gave him a large dose of 
castor oil. The next day there were again maggots present in the stool in great 
numbers. This time they were smaller. These, unluckily, were not sent in for 
identification. 

Nine weeks later larvae were found in the curds of milk vomited by the child. 
These, also, were smaller than the first. During the following week a portion of 
fecal matter which contained no larvae or pupa cases on examination was placed 
in a covered sterilized container, and twenty-four hours later was found to con- 
tain numerous very small maggots. 

Shortly after this, on October 12, the family moved into another home. 
Strangely enough, no more larvae or ova were ever again demonstrated in the 
stools, although a thorough search was made for six weeks. Whether the new 
home surroundings or the time of vear influenced this, I cannot say. 

Three months later the child’s convulsions had entirely subsided, none having 
occurred for over ten weeks. He could hold the head erect and sit with little 
help. He looked and acted more like a normal child. The appetite was better, 
and he had ten teeth. His weight was 3) pounds (13.6 Kg.). 

Outside of the ultraviolet rays and dietetic measures, the only treatment that 
he received was an enema of double strength saline solution morning and evening 
for about three weeks. No drugs were given by mouth. 


COMMENT 

The mode of infestation in cases of gastro-intestinal myiasis is still 
a matter of hypothesis. There are several ways in which a person might 
become infested: (1) The ova might be ingested in the food; (2) the 
larvae might be ingested in the food; (3) a fly attracted by the food on 
the lips might lay the eggs here, and the patient might carry them into 
the stomach in this way; (4) cases have been reported in which the flv 


has deposited the eggs around the anal or urinary orifice and on hatching, 


the larvae have migrated into the rectum or the urethra. 

In the case reported here the first suggestion is probably the correct 
one; for it has been seen that a portion of fecal matter containing no 
larvae on passage contained many very small maggots after being kept 
for twenty-four hours. This indicates that the ova must have been in 
the stool. Furthermore, the great number of larvae found at one time 
makes it unlikely that this quantity could have been taken without being 
noticed. The fact that the child vomited small larvae indicates that the 
ova were probably taken by mouth and hatched in the stomach and not 
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acquired through the rectum. 


INTERNAL 


The lowered 


MEDICINE 


resistance of the child, 


together with the low acid content of the stomach, probably accounts for 


the nondestruction of the ova by the gastric juices. 
Chatin’s experiments with larvae taken from one of his cases shows 


that they not only lived for several days completely immersed in oil or 


water, but also survived when introduced into the stomachs of various 


mammials. 
and their small need of oxygen. 


Lirt 
Musca Domestica? 
Adult lays from 75 to 150 eggs at 
intervals of from 3 to 4 days in from 
2 to 4 layings 


Eggs hatch in from 12 to 24 hours 

Larva stage lasts from 4 to 6 days 

Puparium lasts from 5 to 7 days 

From egg to adult in from 10 to 14 
days 

Adult lives from 30 to 60 days 

May hibernate in the winter 

Usually lays eggs in excrement, 
especially in manure heaps 

Larvae lives best in manure but may 
exist in decaying fruits, moist bread or 
cereals 

Larva is strongly, negatively helio- 
tropic 

Females begin to deposit eggs from 
9 to 12 days after emerging from the 
pupa case 


He also proved their power of resistance to gastric juice 


History 


Stomoxys Stabulans * 

Adult lays from a few to 122 eggs in 
clumps of from 3 to 25 in 3 or more 
layings; greatest number during life is 
632 

Eggs hatch in from 1 to 3 days 

Larva stage lasts from 11 to 30 days 

Puparium lasts from 6 to 20 days 

From egg to adult in from 14 to 25 
days 

Adult lives from 2 to 29 days 

Usually pass the winter in the larva 
State 

Usually lays eggs in straw or manure 
heaps 

Larva is susceptible to heat or drv- 


ness 
Larva is destroyed by bright light 


Pupa are resistant to heat and drying 


The life histories of the two species found is of interest because by 


comparison it is certain that the ova must have been ingested at different 
times, otherwise the pupa cases of Stomozys stabulans would not have 
been found at the same time as the larvae of Musca domestica. Ref- 
erence to the comparative table of life histories of these two flies shows 
that it takes from twelve to twenty-four hours to hatch the ovum of a 
house fly, and that it stays in the larval state for from four to six days. 
while the stable fly requires from one to three days to hatch and remains 
a larva for from eleven to thirty days before pupation. 

1. Hewitt, C. Gordon: The House-Fly, London, Cambridge University Press, 
1914, pp. 301-308. 

2. Bishop, F. C.: The Stable Fly, Farmers Bull. 1097, Washington, Dept. of 
Agriculture, U. S. Printing Office. 
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Authorities differ as to the symptoms and severity of gastro- 
intestinal myiasis. Osler said that the larvae may cause no symptoms or 
may cause serious intestinal ulceration manifesting itself by a dysenteric 
disease, with at times a fatal result. Anders simply stated that the 
condition may occur. Eugene Whitmore * said that nausea, vomiting 
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and pain may be present if the larvae are in the stomach, while colicky 
pain and hemorrhage may ensue if infestation is intestinal. 

In a study of the symptoms of sixty-three cases found in the litera- 
ture, I found that vomiting was present in twelve, nausea only in five, 
constipation in three, diarrhea in eleven, bloody stools in seven, 
abdominal pain in twenty-one, anemia in six, headache in four, restless- 
ness in five, convulsions in one, loss of sleep in two, vertigo in two, loss 


3. Whitmore, Eugene, in Tice: Practice of Medicine, Hagerstown, Md. 
W. F. Prior, Inc., 1924. 
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of weight in seven, dry cough in one and no symptoms in four. The 
species of fly did not seem to influence either the severity or the kind of 


symptoms. 

Several treatments have been suggested by as many different phy- 
sicians. Those most popular seem to be the use of santonin, pepo, oil 
of chenopodium or thymol. 

While the literature contains only a comparatively few case reports 
of internal infestation of man by dipterous insects, it is probable that 
this condition is more common than is generally supposed. 

\ list of all the cases found, including the author, year reported and 
the infesting agent, is given in the accompanying table. 


be 


PRIMARY BACILLUS PYOCYANEUS MENINGITIS 
REPORT OF A CASE WITH RECOVERY * 


WARREN T. VAUGHAN, M.D. 
REGINA BECK, M.D. 
AND 
TURNER S. SHELTON, M.D. 


RICHMOND, VA, 


Primary systemic Bacillus pyocyaneus infection is infrequent cnough 
to merit discussion. This organism is usually considered as being of 
low pathogenicity, manifesting its presence occasionally as a secondary 
invader in localized pyogenic processes. Indeed, it has been found as an 


apparently nonpathogenic cutaneous parasite, showing some predilection 


for warm, moist, flexor surfaces. It is found as a secondary invader 
in such conditions as furuncles, infected wounds and septic pneumonia. 
It was formerly thought that even in these local infections /?. pyocyaneus 
cecurred only as a nonpathogenic parasite. 

Kossel’ collected a few cases from the literature, all in children in 
whom a fatal illness was found to be due to an infeetion of the blood 
stream with this organism. In another review of the literature, Rolly * 
collected a series of cases of infections of internal organs in which 
Bacillus pyocyancus was either the sole or an associate invader. In this 
list were such diseases as perityphlitis, pyelonephritis, fistula, mastitis, 
prepatellar bursitis and panophthalmitis. Involvement of deeper tissues 
was represented by abscess of the liver, endocarditis and a case of menin- 
gitis in a child, reported by Kossel. He added to the list a fatal case of 
his own, in which B. pyocyaneus septicemia with meningitis developed 
in a woman after an incomplete abortion. The organism was isolated 
ante mortem from both the blood and the spinal fluid. 

In a study of 12,000 autopsies, Fraenkel*® concluded that /’. 
pyocyaneus was the primary invader in only 13 cases. In 1917, he 
presented a study of 26 cases of primary pyocyaneus invasion in 
which there were 21 children under 2 years of age and 5 adults. He 
observed cases of otitis, enteritis, ecthyma gangraenosum, endocarditis, 
sepsis and others, due directly to infection with this organism. He 


*Submitted for publication, June 23, 1930. 

1. Kossel: Ztschr. f. Hyg. u. Infectionskr. 16:368, 1894. 

2. Rolly: Miinchen. med. Wehnschr. 29:1399, 1906. 

3. Fraenkel, E.: Virchows Arch. f. path. Anat. 183:405, 1906; Ztschr. f. 
Hyg. u. Infectionskr. 84:369, 1917. 
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concluded that it may act not only locally and with the production of 
toxin, but also through the actual iivasion of the internal organs. He 
expressed the belief that although this germ is rarely the primary cause 
of disease, nevertheless, the majority of such infections are acute, and 
fatal almost without exception. 

Kliewe and Koch? described the usual clinical picture of general 
pyocyaneus infection as being accompanied by dyspnea, cough, diarrhea, 
hemorrhagic spots in the skin and splenic enlargement. Certain clinical 
symptoms have been mentioned as being characteristic of pyocyaneus 
septicemia, notably nausea, vomiting and diarrhea, pronounced dyspnea, 
a hemorrhagic eruption and splenic enlargement. Rolly found that while 
these symptoms are often present and suggest the possibility of 


yocyaneus infection, these and other pathologic changes differ in no 


way from those found in septicemia and sepsis due to other bacteria, 
and he concluded that diagnosis can be made only on the basis of a 
positive pyocyaneus culture. 

The organism appears to have a predilection for the lymphatic 
tissues. Fraenkel described several cases, especially in children, in which 
the portal of entry appears to have been the oral mucous membrane or 
the lymphatic system, especially the Peyer’s patches. In the mouth and 
the intestine, the local infection may progress to the stage of necrosis. 


PYOCYANEUS MENINGITIS 

B. pyocyaneus infection of the meninges is undoubtedly rare. Neal,” 
stated that she had seen one case of meningitis due to this organism. 
Price’s ® British textbook did not mention B. pyocyaneus as a possible 
cause of suppurative meningitis. Christian’s “Oxford Medicine” * made 
no mention of the disease. Cecil’s S American textbook mentioned its 
occurrence, 

Of those few cases of pyocyaneus meningitis reported, the major- 
itv have been consequent on a recognizable case, such as trauma 
or lumbar puncture, or they have occurred in association with a 
generalized infection. The case described by Rolly, previously referred 
to, accompanied a general septicemia. 


4. Kliewe, H., and Koch: Pyocyaneus Meningitis, Mtinchen. med. Wehnschr. 
71:867 (June 27) 1924. 

5. Neal, in Tice, Frederick: Practice of Medicine, Hagerstown, Md., W. F. 
Prior Company, Inc., 1924, vol. 10, p. 255. 

6. Price, Frederick W.: A Textbook of the Practice of Medicine, New 
York, Oxford University Press, 1929. 

7. Christian, Henry A.: Oxford Medicine, New York, Oxford University 
Press, 1927. 

8. Cecil, Russell L., and Kennedy, Foster: A Textbook of Medicine, Phila- 
delphia, W. B. Saunders Company, 1927. 
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That case described by Gaucherand and Pigeaud * left one in doubt 
as to whether they were dealing with a case of pure meningitis or a 
concomitant infection of the blood stream. At delivery, the mother was 
iound to be suffering from septic endometritis. On the fourth day 
signs of meningitis developed in the infant. After three weeks a pro- 
nounced hydrocephalus had developed, and Bacillus pyocyaneus was 
isolated from ventricular puncture. Apparently only the brain was 
examined at autopsy on the thirty-seventh day. Chiari '’ discussed the 
occurrence of pyocyaneus meningitis and pericarditis in infants. In 
\bt’s pediatrics, Cooke described pyocyaneus septicemia in the new- 
born, stating that there may be associated meningitis, but he did not 
mention the possibility of a primary pyocyaneus meningitis without 
septicemia. 

Trauma may be the means of implantation. The case of Abadie 
and Laroche '! followed an injury to the skull. The patient recovered. 
The case described by Palazzo and Ottolenghi ‘* followed a gunshot 
wound of the dorsal part of the spine. In this case the patient also 
recovered after four months’ illness. He was treated with an autog- 
enous vaccine. Abadie and Laroche's patient was treated with intra- 
spinal injections of 3 cc. of his own blood serum. 

Lumbar puncture appears to have been responsible for a number of 
cases. That of Sonnenschein,’* followed by a few hours a diagnostic 
lumbar puncture. At autopsy, abscess of the brain or any other possible 
antecedent etiologic factor was not found. Levy and Cohen's '* case 
occurred in a syphilitic patient following a diagnostic lumbar puncture. 
The patient recovered after five months. 

Chautfard and Laroche '*° reported a case of pyocaneus meningitis 
developing in a person who had been receiving intraspinal tetanus anti- 
toxin. The blood remained sterile and the patient recovered. 


9. Gaucherand and Pigeaud: Meningitis from Bacillus Pyocvaneus in 
New-Born Child: Fatal Case, Bull. Soc. d’obst. et de gynéc. 17:74, 1928. 

10. Chiari, H.: Bacterium Pyocyaneus Infection Producing Meningitis 
Pericarditis in Infants, Centralbl. f. allg. Path. u. path. Anat. 38:483 (Oct. 
1926, 

11. Abadie, J., and Laroche, G.: Pyocyaneus Meningitis, Bull. Acad. de méd., 
Paris 80:15 (July 2) 1918. 

12. Palazzo, R., and Ottolenghi, C. E.: Pyocyanic Meningitis, Rev. sud.-am. 
de endocrinol. 11:616 (Sept. 15) 1928. 

13. Sonnenschein, C.: Pyocyaneus Meningitis, Klin. Wehnschr. 2:1758 (Sept 
17) 1923; Fatal Meningitis After Lumbar Puncture, Deutsche med. Wehnschr. 
49:881 (July 6) 1923; abstr. in J. A. M. A. 81:1324 (Oct. 13) 1923. 

14. Levy, I. I., and Cohen, A. E.: Pyocyaneus Meningitis After Lumbar 
Puncture, J. A. M. A. 85:1968 (Dec. 19) 19235. 

15. Chauffard, A., and Laroche, G.: A Case of Pyocyaneus Meningitis, Bull 
et mém. Soc. méd. d. hop. de Paris 41:646, 1917. 
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In Schlagenhaufer’s '° five cases the meningitis developed following 


lumbar anesthesia. Sonnenschein collected cight such cases from the 


literature. 


PRIMARY PYOCYANEUS MENINGITIS 


Kliewe and Koch * described a case of meningitis in a child aged 
3 years that appears to have been a spontaneous infection without 


antecedent trauma or lumbar puncture, the only probable source being 


i preexisting aphthous stomatitis. The classic symptoms, with opis- 
thotonos, positive Kernig sign, stiff neck and symptoms of irritation of 
the pyramidal tract developed. The spinal fluid pressure was increased ; 
the cell count was 200 per cubic millimeter, and B. pyocyaneus was 
recovered from the spinal fluid. The child recovered gradually after 
having fever for eighty days. .\t discharge, the spinal fluid still showed 


a slight increase in albumin, a cell count of 32 and a sterile culture. 
Summarizing the available literature, one may conclude that #. 
pyocyaneus meningitis is rare, and that when it does occur it is usually 


secondary to a blood stream infection or to direct implantation follow- 


ing trauma or lumbar puncture. There has been at least one case in 
which primary meningitis appears to have followed local infection in the 


mouth. 


OF CASE 


REPORT 


Miss A. R., aged 40, dated the onset of her symptoms from the middle of 
May, 1928. The onset followed a mild cold in the head, and the symptoms con- 
sisted of frontal headache, followed later by severe pains in the neck, the region 
of the right elbow and the fleshy part of the right hip. These various pains, 
at times severe enough to require morphine for relief, were intermittent, and there 
were periods when she was entirely free from discomfort. When the patient 
was first seen on May 26, the temperature was normal. 

\ detailed examination on May 26 gave essentially negative results. From 
this date to July 9, at which time she was admitted to the hospital for diagnostic 
lumbar puncture, the symptoms gradually became more severe, but throughout 
the month of June she remained up and about most of the time. Her temperature 


did not exceed 99.6 F. 

Rhinologic consultation on June 22 revealed no evidence of sinus disease and 
no pathologic condition other than chronic tonsillitis and mild chronic hypertrophic 
rhinitis. Detailed physical and neurologic examinations on July 5 again gave 


negative results. The laboratory studies, including a hemocytologic examination, 
a Wassermann test of the blood, chemical analysis of the urine and determinations 
of nonprotein nitrogen and sugar in the blood were likewise negative. Roentgen 


examination of the sinuses and sella turcica on July 9 gave negative results. 
Diagnostic lumbar puncture on July 9 revealed a cloudy spinal fluid under 


distinctly increased pressure with a cell count of 1,882, of which &3 per cent were 


polymorphonuclears and 17 per cent were lymphocytes. The Noguchi globulin 
reaction was strongly positive. A gram-negative motile bacillus grew on culture. 


Directly following lumbar puncture, the patient’s temperature rose. By the 
next day, July 10, she presented the characteristic symptoms of meningitis with 
stiff neck, positive Kernig sign and a slight external squint of the left eve. 


16. Schlagenhaufer: Zentralbl. f. Bakteriol. 59:385, 1911. 
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A second lumbar puncture on July 11 revealed a cell count of 3,800, and the 
same gram-negative motile bacillus was isolated. Both the blood culture, started 
on the same day, and the Widal test were negative. 

On July 12, ventriculography was performed in a search for possible abscess 
of the brain. The results were negative. However, immediately following this 
operation the patient began to improve, and the temperature began to fall. No 
new neurologic signs became manifest thoughout the remainder of her illness 
Three days after operation, lumbar puncture showed a clear fluid with about 100 
cells per cubic millimeter. The patient was discharged from the hospital on July 
21, nine days after the operation. At that time the temperature was normal, but 
she was still slightly irrational. The latter symptom cleared up a few days after 
her return home. She had remained well when last observed (June, 1930 

A specimen of spinal fluid obtained July 16 agglutinated the autogenous /? 
pyocyaneus in a dilution of 1:60. The blood serum did not agglutinate the 
organism. 

A diagnosis of basilar meningitis due to B. pyocyaneus infection was made 

Early in the patient’s convalescence a nasopharyngeal swab was obtained 
B. pyocyaneus did not appear in the culture from this swab. 

The following laboratory studies were made on the specimen of the spina! 
fluid obtained July 10: The fluid was cloudy in appearance. The cells numbered 
3.200; 75 per cent were polymorphonuclears and 25 per cent lymphocytes. The 
vlobulin reaction was 4 plus, and the colloidal gold curve, 0000011100. The Kahn 
test gave a reaction of 2 plus; the Kolmer test was slightly anticomplementary, 
and there was 21 mg. of sugar per hundred cubic centimeters. Direct smear 
showed many gram-negative bacilli, morphologically resembling typhoid bacilli 
except that some were somewhat greater in length. A hanging drop preparation 
made from the spinal fluid showed a very motile bacillus. Culture mediums gave 
the following results: Rosenow’s brain broth was cloudy and green after five 
days. Plain broth was turbid, with a thin scum; it was pale green after five 
days. Loeffler’s medium became liquefied and brownish. On plain agar, a mwist 
whitish growth was noted; the culture was a very pale green in the butt of the 
tube on the third day. Both Russell's double sugar and Kendall’s double sugar 
mediums were negative for acid and gas. Litmus milk showed coagulation and 
no acid. This medium started to clear at the top on the second day. Digestion 
of milk was noted; the liquid was muddy yellow in five days. Saccharose was 
negative for acid and gas and pale green on the second day. Dextrose, lactose, 
maltose, mannite and levulose were all turbid and negative for acid and gas. No 
color was noted. 

An emulsion of organisms was made from the broth culture. These organisms 
were agglutinated against the patient’s serum. The result was negative. This 
same emulsion was agglutinated against a second specimen of spinal fluid col 
lected on July 16, and agglutination was positive in dilution (1:60). A specimen 
of normal spinal fluid could not be secured for a control, but organisms did not 
agglutinate in the patient's serum or in the salt solution control. 

On July 13, 1928, a culture of the blood was negative after six days’ inculha- 
tion. 


A second specimen of spinal fluid was collected on July 16 


appearance. The cell count was 102; 37 per cent were polymorphonuclears, and 


63 per cent were lymphocytes. The globulin test gave a reaction of 4 plus: the 
colloidal gold curve was 1111234210 (a curve typical of meningitis). A culture 
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of the spinal fluid was negative. Wassermann and Kahn tests made on a second 
specimen of spinal fluid were negative. Wassermann and Kahn tests of the 


blood were negative. 
Aiter standing at room temperature for five days the first specimen of spinal 


fluid was green. 
COMMENT 


This case showed some points of similarity with that described by 
Sonnenschein. In the latter, a robust man, aged 20 had had symptoms, 
especially headache and pain in the left leg for the preceding ten months, 
dating from an injury to the head. He did not have fever. A Wasser- 
mann test of the blood was negative. A few hours after a lumbar 
puncture yielding clear spinal fluid, the characteristic symptoms of 
meningitis, with fever developed. Four days later the spinal fluid 
showed an increased cell count, and from it B. pyocyaneus was culti- 
vated. The blood serum later agglutinated this organism in a dilution 
of 1: 200, The patient died on the ninth day of his illness. 


At autopsy, a purulent spinal and basilar meningitis was observed. 


Pus was also found in the third and fourth ventricles. Abscess of the 


brain was not present. The internal organs showed no changes other 


than a few patches of erosion in the small intestines. B. pyocyaneus 


was cultivated from the ventricles, the meninges and the spleen. 


Aside from the clear first specimen of spinal fluid and the ultimate 


outcome, the cases are parallel. Our own case appears to substantiate 
the common belief that B. pyocyaneus is an organism of low virulence. 
Other cases of recovery previously cited give further confirmatory 
evidence. It seems to us that even with a negative first specimen of 
spinal fluid, it is possible that the patient in Sonnenschein’s case had 
heen suttering from a low grade localized basilar meningitis of rather 


long duration that became disseminated following lumbar puncture. 


This is merely suggested as an alternative explanation. 


Schneider ** described a case following spinal anesthesia in which 


the infection appears to have been primary in the meninges, but also to 


have spread to the blood stream, and in which recovery took place after 


eighty-four days of illness. It is of interest that in his case also, the 
patient was often apyretic, with flareups of temperature immediately suc- 


ceeding the lumbar punctures. He attributed recovery in his case to the 
intraspinal injection of a dvestuff and the intravenous injection of a 


silver preparation. 


The diversity of therapeutic measures apparently successful in cases 
in which the patient has recovered (dyes, autogenous vaccine, intra- 
l 


spinal autoserotherapy, decompression and spinal drainage) lends color 


to the assumption that in these cases there is some natural tendency to 


recover. 


17. Schneider, Hans: Zur Klinik und Therapie der pyocyaneus Menin 


Wien. klin. Wehnschr. 37:65 (Jan. 17) 1924 
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Nature has protected the central nervous system and its meningeal 
covering with the greatest care against invasions from without. The 
barriers are chiefly mechanical and are adequate enough for nearly all 
contingencies. Probably as a result, the local immunity barriers are 
less abundant and less effective than in other tissues more exposed to 
external contact. As a consequence, bacteria that under ordinary 
circumstances are of low pathogenicity or even usually without patho- 


genic action in man may prove to be highly infectious and even fatal 


in the event that they find their way to the meninges. 

The relative frequency of recovery from meningitis due to this 
decidedly infrequent organism, recovery in tissues inadequately equipped 
immunologically, indicates that the low pathogenicity of PB. pyocyanecus 
is due not so much to a high degree of immunity on the part of the 
tissues as to a low invasiveness on the part of the micro-organism. 


CONCLUSIONS 

From a study of the case herein reported and a review of the avail- 
able literature, it becomes evident that the case presented is of especial 
interest because of the following factors: (1) primary pyocyaneus 
meningitis with minimal systemic and localizing symptoms and with 
no recognized portal of entry ; presumably the infection entered through 
the lymphadenoid tissues of the upper part of the respiratory tract or 
through similar tissues of the digestive tract such as the Peyer's patches ; 
(2) absence of the three recognizable etiologic factors found in other 
cases in the literature, namely, trauma to the brain or spine, lumbar 
puncture or pyocyaneus septicemia, (3) seemingly good therapeutic 
results from decompression; (4) evidence of the local character of the 
infection as seen in the development of agglutinins in the spinal fluid 
but not in the blood stream; (5) rapid recovery in contrast to the two 
other general types of cases heretofore described: (a) rapid, fatal 
progression, and (>) a long drawn out recrudescent illness, and (6) evi- 
dence that even in B. pyocaneus meningitis one is dealing with an 
organism of relatively low invasiveness. 
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Book Reviews 


HyPERTONIEKRANKHEITEN. By Eskit Second edition. Price, 


22 marks. Pp. 270, with 28 graphs. Berlin: Julius Springer, 1930. 


DIE 


After four years of additional study Kylin offers a thoroughly revised and 
enlarged edition on hypertension adapted as a text for physicians. Dealing as it 
does with a subject so basically controversial and in connection with which there 
is such a paucity of complete data, the book is refreshingly free from metaphoric 
aphorisms, rehash and startling therapeusis. The bibliographic background, as 
well as his own research, is wide and authoritative. 

Kylin first investigates the normal values of the arterial and capillary pressure. 
On consideration of an extensive critique of the clinical methods and statistics, 
he establishes the normal systolic arterial pressure as from 100 to 145 mm. of 
mercury under 40 years of age, and from 145 to 150 mm. over that age. Daily 
fluctuations are not in excess of 15 mm. The normal capillary pressure is from 
80 to 200 mm. of water, with daily variations not exceeding 40 mm. The values 
for capillary pressure are independent of age. The normal anatomy and physiology, 
as well as the permeability and pathologic physiology of the capillaries, are 
detailed with erudition in relation to the maintenance of the blood pressure. 

The mechanism of hypertension is then studied. The insignificance of the 
cardiac factor, blood volume and viscosity, as well as sclerosis of the larger 
vessels, is proved. Attention centers on the arterioles and capillaries. Experi- 
mental and clinical evidence negates the origin of hypertension from renal, 
metabolic product retention, epinephrine or unknown pressor sources. The modern 
conclusive concept, brilliantly supplemented and summarized by Kylin, identifies 
hypertension with changes in the capillaries and arterioles. Renal changes are 
secondary throughout. 

Clinically, the hypertensive diseases exist in two groups: essential hypertension 
and acute universal capillaropathy (so-called acute glomerulonephritis). 

Essential hypertension is seen as a hereditary, constitutional, autonomic, vaso- 
motor neurosis with hormonal disturbances. Constitution, the vegetative system 
and the endocrine glands are inseparably involved in the abnormal reaction of the 
body. The abnormal reaction is manifested in a multiplicity of phenomena. 
Patients or their families tend to have diabetes, gout, adipose constitution, asthma, 
migraine, spastic colitis and vasomotor disturbances. The onset often occurs at 
the menopause. Raab’s remarkable research determining a hypersensitivity of the 
vasomotor centers of hypertonic persons to the carbon dioxide content of the blood 
is cited. The essential hypertonic patient inclines toward vagotonia. The blood 
potassium is high, the calcium and the cholesterol, low. The reaction to epinephrine 
is paradoxic. An insulin depressor effect is more decided. The compensatory 
hypoglycemia following a test on the sugar tolerance is more marked. In addi- 
tion, there is slight hypergiycemia, diminished sugar tolerance and a flattening 
ot the epinephrine blood sugar curve. The patients are intolerant to heat. 

In essential hypertension the capillaries are normal, as to both morphology 
and tension. The arterial pressure is at its highest in this form of hypertension 
and is based on arteriolar spasm. Extensive daily fluctuations up to 100 mm. 
of mercury are characteristic and attest to the concept of a functional vasomotor 
disturbance. Diffuse arteriolosclerosis, which is a concomitant pathologic change. 
is similarly interpreted as an end-stage of arteriolar work-hypertrophy. Of 
interest is the therapeutic benefit of atropine, calcium, extracts from the sex glands 
and injections of nonspecific protein. 

Acute universal capillaropathy is subdivided into the postinfectious type 
(so-called acute glomerulonephritis) and that of pregnancy, which are basically 
similar. 
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Pathogenically, a toxin — on the one hand streptococcic, on the other presumably 
of placental origin —is held responsible. The toxin produces a universal capillary 
dilatation with an axon reflex contraction of the arterioles. The vessels of the 
kidney are merely more sensitive and hence more involved. Further injury is 
evidenced by morphologic changes in the capillaries. The primary site of action 
is the capillary; the arteriolar response is secondary. 

The capillary pressure rises to from 300 to 400 mm. of water with daily 
fluctuations up to 130 mm. The arterial pressure rises moderately and shows 
only insignificant daily variation. Edema is based on the increased permeability 
of the capillaries. This may be due to changes in the wall of the capillarics, 
increased hydrostatic pressure or diminished osmotic pressure of the blood. Changes 
in the eyegrounds constitute advanced organic vascular injuries. Kylin emphasizes 
the fact that the rise in capillary and arterial pressure, as well as edema, precedes 
the urinary symptoms. Renal changes are only secondary. As regards the output 
of water, the kidney in itself may not be involved as the tissues bind the water: 
thus, severe oliguria may suddenly be followed by a marked polyuria and relief 
from edema. The blood shows a low value for calcium and protein, and low 
osmotic pressure. 

Lastly, Kylin considers the permanent diseases of hypertension as end-stages, 
often being combination forms of essential hypertension and acute diffuse capil- 
laropathy. They are the result of irreversible organic vascular changes. 

It is a review that makes evident Kylin’s broad grasp of the subject as well 
as his thorough knowledge of the literature. It is a distinct record of advance 
in understanding a group of clinical manifestations that are of ever increasing 
importance, and Kylin’s own contributions in the field play a distinct rdle in this 
understanding. 


CANCER OF THE LUNG AND OrHER INTRATHORACIC Tumours. By Maurice 
Davipson. Price, $5.50. Pp. 173. New York: William Wood & Company, 
1930. 


When Adler wrote his monograph on “Primary Malignant Growths of the 
Lungs and Bronchi” in 1912, cancer of the lung was looked on by most physicians 
as an interesting rarity, almost as difficult of diagnosis as of treatment. Since 
that time the picture has changed in many respects, but most remarkably in 
regard to the frequency of primary, malignant pulmonary disease. Since 1918, 
the literature of the entire world has been flooded with articles on the subject, 
indicating a world wide increase in the frequency of this condition. Few authors 
are found to doubt that this increase is real and not one of the common false 
trails of medical statistics. Although admittedly the development of roentgenology 
has disclosed vastly more cases than were recognized ante mortem in earlier 
days, the routine autopsy observations throughout the world have shown that a 
vastly larger proportion of dead bodies examined during the past decade exhibited 
primary cancer of the lung than did the bodies examined in the same institutions 
in previous years. Hence this monograph by Davidson, of the Brompton Hospital 
for Consumption and Diseases of the Chest in London, is altogether timely. 

Davidson discusses the statistical evidence, and is convinced of a genuine 
increase in frequency, but is unable to advance an explanation on the basis of the 
facts and theories so far advanced. He merely makes the judicious statement, 
“It seems reasonable to suppose that for an explanation of the increase in primary 
carcinoma of the respiratory tract we must look to some factor which since the 
period of the war has begun to operate in greater degree and which through the 
production of specific tissue irritation, may account for this hitherto unusual 
localization of malignant disease in such individuals as are especially susceptible.” 
The discussion of pathologic anatomy and etiology is brief, but adequate for a 
book manifestly primarily of clinical interest. Mention is made of the fact that 
since the time of Adler’s report pathologists have more generally learned that most 
of the spindle cell or “oat cell” tumors of the lungs and mediastinum are not 
sarcomas but carcinomas, and it is now believed that sarcoma of the lung is rare 
indeed. Symptomatology and diagnosis are discussed sanely, and a score of new 
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cases are briefly reported. The fact is mentioned, but not extensively discussed, 
that not infrequently primary tumors of the lungs make their clinical appearance 
as diseases of the central nervous system, because of cerebral metastases. 

Roentgenologic aspects properly come in for a large part of the discussion of 
these conditions, in which the roentgen observation plays the major part in diag- 
nosis, and the reviewer noted with interest this statement: “The use of x-rays, 
however, in the diagnosis of nontuberculous diseases of the lungs has not received 
such general recognition in this country as it has on the Continent, and especially 
in the United States. This is a matter for regret, since a great deal of the 
success of modern diagnosis is due to the radiologist, in whose work depart- 
mentalism has become as inevitable as in almost every other science.” 

Altogether this is a well balanced and timely, but not exhaustive or ori 
presentation of a topic of immediate interest. 


THE Epwin Smitu Papyrus. VOLUMES I AND It. By JAMES HENRY 
BREASTED. Price, 4 pounds, 10 shillings. London: Cambridge University 
Press, 1930. 


The first volume contains general explanatory notes for physicians and other 
non-Egyptological readers, followed by a general and then a special introduction, 
and finally the translation with commentaries. 

The second volume contains forty-six facsimile plates of the original papyrus 
and on the opposite page a line for line hieroglyphic transliteration. As one 
compares these two pages it is evident that illegible writing is not a modern 
acquisition, 

This is the oldest surgical papyrus. While this copy was prepared about 
1700 B. C., the original papyrus from which it was copied probably dates back to 
2500 or 3000 B. C. The scribe copied only the first portion of the original roll. 
The author is unknown, but evidently was a surgeon of eminent learning and wide 
experience. Apparently, this papyrus was an account of his observation on injuries 
to the human body. He begins with the head and goes downward to the neck 
and chest. The last case recorded was injury of the spine, and this ends the 
incomplete papyrus. 

The author of this roll was the first physician to examine the patient and 
record the observations in an orderly manner, giving the physical observations, 
diagnosis, prognosis and treatment. Take as an illustration case 44. Title: 
“Instructions on a break in the ribs of the breast.” Examination: “If thou 
eXaminist a man having a break in the ribs of his breast over which a wound 
has been inflicted, and thou findest that the ribs of his breast crepitate under the 
finger, then I should say, ‘One having a break in the ribs of his breast over which 
a wound has been inflicted is an ailment not to be treated.” In many cases there 
are interesting case notes made at subsequent examinations. In this manner he 
describes forty-eight injuries. The author makes extensive and interesting com- 
mentaries on the exact meaning as interpreted from the hieroglyphics. 

Professor Breasted has given us a masterpiece which must have required much 
study and thought. The medical profession interested in the history of medicine 
owes him a debt of gratitude for making this papyrus available in such an 
attractive form. 


Umsturz tnp AUFBAU DER PRATKISCHEN MeEpIzIxn. Votume II, Part 1. 
VotumeE III, Parr By SanirAtsrat Dr. KuscHer, Augenartz in 
Ludenscheid. Price, marks. Pp. 258, with illustrations. Oldenburg: 
Schutzesche Hofbuchdruckerei, 1929, 


? 


These two parts of the large work come mainly under the category of medical 
curiosities and special pleading. The author is a practicing ophthalmologist. The 
subtitle of the first pamphlet reads “The Crowning (Entthronung) of Bacteriology 
Through the Biophysics of the Atmosphere: Meteorology as the Basis of Physical 
Therapy; Medicine in the Service of Aeronautics.” The dependence of living 
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processes on the atmospheric pressure, the oxygen of the atmosphere and, in part, 
the temperature is now fairly well understood. To be sure, we do not yet know 
the mechanism of the poisonous effect of high oxygen tension, but the author 
appears to go far afield in his endeavor to correlate atmospheric changes with 
all types of disease processes. 

The second pamphlet is largely one of special pleading for what appears to be 
a proprietary drug, and more than two thirds of the pamphlet is taken up with 
tables and cases illustrating the cure of diverse diseases by what is called “Vita- 
salmine,” A, B, C, D., etc. These are various inorganic salts, single or in 
combination, such as sodium chloride, potassium chloride, magnesium phosphate, etc 
With these the author reports cures or improvement of such diverse diseases as 
muscle weakness, rickets, rheumatism, headache, atony of the heart, stomach and 
uterus, asthma, arteriosclerosis, ulcer of the stomach and nephritis. 

Throughout both pamphlets the author maintains that the therapies here 
advocated represent a new system of a rational and natural therapy. J ’erb.en 
sat sapientt. 


MoTHER ALPHONSA: ROSE HAWTHORNE LaAturop. By James J. Watsu, M.D. 
Pu.D., Litt.D. Cloth. Price, $2.25. Pp. 273, with index. New York: 
The Macmillan Company, 1930. 


In September, 1894, Rose Hawthorne Lathrop, the younger daughter of 
Nathaniel Hawthorne, whom the literary friends of her father used to call “the 
Rose of all the Hawthornes,” rented a little flat of three rooms and a kitchen at 
668 Water Street, on the lower East Side of New York. This was in the 
heart of a very poor neighborhood, and Mrs. Lathrop’s idea in locating there was 
to help some of the destitute poor who were suffering from incurable cancer to 
bear the pains and trials through which they had to go before death came to 
relieve them. She took several patients with cancer to live in this little apartment 
with her; she received others at certain times during the day in her own room 
so as to dress their lesions, and she visited as many more in their homes as her 
time and strength would permit her to attend. This was the beginning of a work 
that occupied the next thirty-two years of her life, until her death in 1926, at the 
age of aS. 

In 1893, with her husband George Parsons Lathrop, she had become a convert 
to the Catholic Church and was stimulated by her conversion to devote hersel! 
during the years that were leit to her to some task that would give to human 
existence a meaning in terms of another world than this. At this time one of 
her dear friends died of cancer, and shortly thereafter her attention was called 
to the case of a poor seamstress who was discharged from a hospital to die of 
this dread malady. She made inquiries and found that cancer was a rather com 
mon disease and entailed much suffering, not only because of the pain and physical 
discomfort but because of lack of care, companionship or diversion of mind, 
particularly in the cases among the very poor. 

She fortified herself for the work by a three months’ period of voluntary train 
ing in the New York Cancer Hospital. Other voluntary workers were obtained, 
and the little group called themselves “The Servants of Relief for Incurable 
Cancer,” which, through gradual transformation and after much sacrifice and hard 
ship, became a religious order affiliated with the Third Order of Saint Dominic 
The story of the growth and development of this remarkable work of courage and 
devotion is one of the most appealing episodes in American life. 


CHEMISTRY. A TExt-Book AND MANUAL FoR StupENts. By 
A. P. Matuews, Pu.D., Carnegie Professor of Biochemistry, the University 
of Cincinnati. Fifth edition. Price, $7. Pp. 1233. New York: Williams 
Wood & Company. 


The new edition of this well known text is in the main a reprinting wi 
such additions and alterations as could be incorporated without enlarging the 
work. Among the more important changes or additions are the treatment of the 
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structures of the disaccharides and polysaccharides and nucleic acid, the recent 
advances in nerve and muscle metabolism and the biochemistry of hemoglobin, 
bilirubin, sterols, bile acids, allantoin, hormones and vitamins. The work retains 
all of the outstanding features so characteristic of the author’s writings. His 
style, originality and versatility are as refreshing and as entertaining as ever. 
He continues to accomplish what he hoped to attain in his first edition, namely, 
“to raise in the minds of those who read it more questions than it answers.” 


STALKERS OF PesTILENcCE. By Wape W. Ottver, M.D. With an Introduction 
by Theobald Smith, M.D., Ph.D. Price, $3. Pp. 251, with illustrations. 
New York: Paul B. Hoeber, Inc., 1930. 


While this book is in purport and by title a history of the development of 
understanding of infectious disease, it is in reality a well rounded, if very brief, 
history of medicine and the knowledge of all illness. The record runs from the 
fossil remains of the Paleozoic period to the B CG inoculations of Calmette. All 
of the great names in the history of the science come in for some consideration. 
In spite of its brevity it is a highly stimulating account of the march of progress 
of what is essentially pathology. As might be expected, the period beginning 
with Pasteur is most intensively treated, and Oliver’s account furnishes an 
excellent introduction to the research of the great group of the last third of 
the nineteenth century. The size of the book is convenient, and the printing 
and illustrations are good. A feature of especial value is a fairly extended 
bibliography. 


PHYSIOLOGIE UND PATHOLOGIE DER VERDAUUNG SAUGLINGSALTER. By Dr. 
E. FREUDENBERG, Professor an der Universitat, Marburg. Paper. Price, 
14.80 marks. Pp. 201, with 40 illustrations. Berlin: Julius Springer, 1929. 


This is a timely, reliable and useful monograph on the physiology and pathology 
of digestion in infants. The author endeavors to summarize and criticize both the 
experimental data and the clinical observations that have accumulated during 
the last two decades in this field, the conclusions being submitted as guides for 
the practicing pediatrician. The chapters include the motor and secretory functions 
and disturbances of the alimentary canal in infancy and the digestion of proteins, 
carbohydrates and fats, as well as the role of bacteria in the alimentary tract 
in pathologic conditions. Each chapter ends with the useful references to the 
more important literature. The monograph will be helpful to both the pediatrician 
and the laboratory worker. 


THe Canpirt. By EvuGent W. GupGer, Pu.D. With a Foreword by Aldred 
Scott Warthin, M.D. Price, $1.50. Pp. 120, with illustrations. New York: 
Paul B. Hoeber, Inc., 1930. 


This little book will furnish any one entertainment well worth its modest price. 
The author takes a fish story, that of a minute South American catfish (Candiri), 
which according to native tradition inhabits by preference the human urethra, 
and without any obvious bias makes out a good case for its truth. 
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